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INTRODUCTION

This "Emission and Leak Monitoring Program" is presented to 

comply with the regulations for "Hazardous Waste Treatment, 
Storage and Disposal Facilities - Organic Air Emission 

Standards for Process Vents and Equipment Leaks" [55 FR 

25454], June 21, 1990.

The monitoring program is divided into six Sections; (1) 

Scope, (2) Monitoring Plan, (3) Repair Procedures, (4) 

Instrument Specifications and Calibration Procedures, (5) 

Recordkeeping Requirements, and (6) Equipment Service and 

Waste Analyses.

The Scope section presents the applicable regulations for 

appropriate portions of the facility. The Monitoring Plan 

describes the frequency and procedures used in monitoring 

for "leaks". The Repair Procedures describe the methods and 

time frames in which a discovered leak is repaired. The 

Instrument Specifications and Calibration Procedures provide 

documentation to verify compliance with EPA Method 21 

requirements for monitoring instruments. The Recordkeeping 

Recfuirements section provides a description of the 

monitoring and calibration recordkeeping, and the semi­
annual report requirements. The Equipment Service and Waste 

Analyses section provides a description of the types of 

waste contained in equipment at the facility.
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Section 1 - Scope

This program is implemented to satisfy the regulations for 

"Hazardous Waste Treatment, Storage and Disposal Facilities 

- Organic Air Emission Standards for Process Vents and 

Equipment Leaks" [55 FR 25454], June 21, 1990.

The requirements for complying with the regulation are 

separated into two monitoring compliance programs (1) 

Emission Standards for Process Vents and (2) Equipment 
Leaks, To be subject to the emission standards for process 

vents, the facility must have distillation or stripping 

operations that process hazardous wastes with concentrations 

of organics greater than 10 ppm, and total vent flow is 

greater than 3 Ib/hr or 3.1 ton/yr. The Pier 91 Facility 

has no distillation or stripping operations and is therefore 

not subject to emission standards for Process Vents.

To be subject to the equipment leak requirements, equipment 
must contain greater than 10 percent organics and be in 

hazardous waste operations or recycling operations adjacent 
to hazardous wastes operations. To satisfy the equipment 
leak requirements, specified equipment associated with 

Dangerous Waste tank systems are monitored for leaks 

according to the requirements for equipment in Heavy Liquid 

Service as described in Section 2, Monitoring Plan.
Specific equipment subject to these regulations are shown on 

the monitoring forms presented in Appendix A,

Any leaks determined by monitoring are repaired as specified 

in Section 3, Repair Procedures and recorded as described in 

Section 4, Recordkeeping Requirements.
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Section 2 - Monitorinq Plan

Part 1 - Testing Requirements

Testing requirements are based on the equipment type and - - ^ 

service. Equipment (excluding tanks and containers) which 

contain greater than 10 percent organics are monitored 

periodically according to the equipment type and service.
The monitoring requirements for each equipment type are 

presented as follows:

1. Sampling Connection Systems:

Each sampling connection system must be equipped with a 

closed-purge system or closed-vent system and must be 

operated with "No Detectable Emissions" or vented to a 

control device.

2. Open-ended Valves or Lines:

Open-ended valves or lines must be equipped with a cap, 
blind, flange, plug, or a second valve.

3. Pumps and Valves in Heavy Liquid Service, Pressure 

Relief Devices in Light or Heavy Liquid Service, and Flanges 

and other connectors:

These equipment items are monitored to determine if a 

"Leak" exists, if there is evidence of a potential leak 

by visual, audible, olfactory, or any other detection 

method. "Leak" testing is performed within five days 

of discovering a potential leak.
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Part 2 - Testing Procedures

These equipment items must be monitored for leaks within 

five days if evidence of a potential leak is found by 

visual, audible, olfactory, or any other detection method.

Procedures for testing consist of detection of "Leaks" ( > 

10,000 ppm Organics). The monitoring program is conducted 

using methods specified in 40 CFR Part 60 Appendix A, Method 

21, "Determination of Volatile Organic Compounds Leaks"- 
Monitoring frequency and type is shown in Table 1,
Monitoring Requirements for Equipment.

"Leaks" Testing Procedure

1. Place the probe inlet at the surface of the component 
interface where leakage could occur.

2. Move the probe along the interface periphery while 

observing the instrument readout-

3. If an increased meter reading is indicated, slowly sample 

the interface where leakage is indicated until the maximum 

meter reading is obtained and leave the probe inlet in that 

position for approximately two times the response time.

4. If the maximum reading is > than 10,000 ppm, a "leak" in 

the component has been identified. A maximum reading of < 

10,000 ppm does not indicate a component leak.

5. Specific "Leak" Testing Requirements for Equipment Types 

are presented below:
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(a) Valves

- Place the probe at the interface where the stem 

exits the packing gland and sample the stem 

circumference.

- Place the probe at the interface of the packing 

gland take-up flange seat and sample the periphery.

- Survey valve housings of multipart assembly at the 

surface of all interfaces where a leak could occur.

(b) Flanges and Other Connections

- Place the probe at the outer edge of the flange- 

gasket interface and sample the circumference of the 

flange.

- Sample other types of non-permanent joints (such 

as threaded pipe) with a similar traverse-

(c) Pumps and Compressors

- Conduct a circumferential traverse at the outer 

surface of the pump or compressor shaft and seal 
interface-

- If the source is a rotating shaft, position the 

probe inlet within 1 cm of the shaft-seal interface 

for the survey-

- If the housing configuration prevents a complete 

traverse of the shaft periphery, sample all 
accessible portions.
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- Sample all other joints on the pump or compressor 

housing where leakage could occur.

(d) Pressure Relief Devices

- Place the probe inlet at approximately the center 

of the exhaust area to the atmosphere.

(e) Process Drains

- For open drains, place the probe inlet at 

approximately the center of the area open to the 

atmosphere.

- For closed drains, place the probe at the surface 

of the cover interface and conduct a peripheral 

traverse.

(f) Open-Ended Lines or Valves

- Place the probe inlet at approximately the center 

of the opening to the atmosphere.

(g) Seal System Degassing Vents and Accumulator Vents

— Place the probe inlet at approximately the center 

of the opening to the atmosphere.

(h) Access Door Seals

- Place the probe inlet at the surface of the door 

seal interface and conduct a peripheral traverse.

For identified "leaks", a visible weather proof 

identification number will be attached to the equipment 
item. The identification will not be removed from the



equipment item until it has been repaired and confirmed by 

monitoring.
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TABLE 1: MONITORING SCHEDULE

MONITORING CATEGORY
EQUIPMENT TYPE FREQUENCY OF MONITORING

Pressure Relief When there is "Leak"
Devices evidence of a
(liquid service) potential leak 

found by visual.
Pumps & Valves audible.
(heavy liquid or any other
service) detection method.

Flanges & Other 
Connections
(all service)

Gas/Vapor Service: The piece of equipment contains or contacts a
hazardous waste stream that is in the gaseous state at 

operating conditions.

Light Liquid Service; The piece of equipment contains or
contacts a waste stream where the vapor pressure of one or 

more of the components in the stream is greater that 0.3 

kilopascals (kPa) at 20*C, the total concentration of the 

pure components having a vapor pressure greater that 0.3 kPa 

at 20°C is equal to or greater than 20 percent by weight, 
and the fluid is a liquid at operating conditions.

Heavy Liquid Service: The piece of equipment contacts a waste
streams that is not in gas/vapor service or in light liquid 

service.

8
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Section 3 - Repair Schedule

Repairs to equipment must be completed within 15 days after 

the detection of a leak. A first attempt at repairing the 

leak shall be made within five days of detection of a leak. 

Delays for repair of the following equipment are allowed if 

the criteria presented below are met:

1. Delays for equipment repairs are allowed to avoid 

shutdown of hazardous waste unit or if the equipment is 

isolated from HW with >10% organics.

2. Delays for valve repairs are allowed if the 

emissions of purged material resulting from immediate 

repair of the valve would be greater than the emissions 

resulting from delays in repair, and the purged 

material is collected and destroyed or recovered.

3. Delays for pump repairs are allowed for changing to 

dual seal pumps, or if the repair is completed as soon 

as practible.

Documentation procedures for repairs and confirmational 
monitoring is described in Section 5, Recordkeeping 

Requirements.
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Section 4 - Instrument Specifications and Calibration
Procedures

Part 1 - Instrument Specifications

Monitoring shall comply with Reference Method 21 in 40 CFR 

Part 60. The detection instrument, a Foxboro OVA 108, meets 

the performance criteria of 40 CFR Part 60 Appendix A, 
Reference Method 21.

The Foxboro OVA 108 is a portable VOC monitoring instrument 
which has a flame ionization detector. The meter reading of 

the instrument allows readings of 1 - 10,000 ppm VOCs in 

air. The meter scale is logarithmic and is readable to 

within 250 ppm at the high end of the logarithmic scale.
The monitor is equipped with an electrically driven pump to 

allow a constant flow rate of approximately 2 liters/min.
The Foxboro OVA 108 is FM and BASEEFA certified 

instrinsically safe for use in Class I, Groups A, B, C, and 

D, Division 1 hazardous locations.

Part 2 - Calibration

The instrument is calibrated before use on each day of use. 
Calibration gases shall be (1) zero air (less than 10 ppm of 

hydrocarbon in air), and (2) a calibration gas consisting of 

a mixture of methane in air at approximately, but less than, 
10,000 ppm. The calibration gas is certified to be within + 

2.5 percent accuracy.

Calibration procedures include the following:
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1. Turn on the monitor and allow to warm up according to 

manufacturer's instruction.

2. Introduce the zero gas and zero the instrument to the 

zero concentration (ie. zero gas with 5 ppm methane should 

be zeroed at 5 ppm).

3. Introduce the calibration gas and adjust the instrument 
meter readout to correspond to the calibration gas value.

Part 3 - Performance Evaluation Requirements 

Response Factors

A published list of response factors for the OVA 108 are 

provided in Appendix B - Monitor Information.

Calibration Precision Test

Calibration precision testing will be performed before each 0>'^i 
the analyzer is placed into service and at three month 

intervals or at the next use whichever is later.

The calibration precision test is performed by making a 

total of three measurements by alternately using zero gas 

and the specified calibration gas. The meter readings are 

recorded and the average algebraic differences between the 

meter readings and the known value is calculated. The 

average difference is divided by the known value and 

multiplied by 100. The result is the calibration precision 

presented as a percentage.

/



Response Time Test

Response time test is performed prior to placing the 

analyzer into service and after any modification to the 

pumping system or flow configuration.

c
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The response time test is perfoirmed by first introducing the 

zero gas into the instrument sample probe. When the meter 

reading has stabilized, the calibration gas is quickly 

introduced. The time from switching to the calibration gas 

until the meter reading reaches 90 % of the final stable 

reading is recorded as the response time. This test is 

performed three times and the results are recorded. The 

average response time is then calculated and recorded.
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section 5 - Recordkeeping Requirements

Monitoring records of facility equipment will be kept on 

inspection forms, calibration forms, and repair logs.

Inspection Forms

The inspection forms consist of facility drawings 

identifying each piece of equipment with a number on the 

drawings. Those equipment items which require "leak" 

testing will have a space following the equipment number to 

designate whether the equipment item passes (P) or fails (F) 

the "leak" test.

Each equipment item will have a letter designation for 

equipment type followed by a three digit number to provide 

each item with an individual identification number. Pumps 

will be designated with the letter (p), valves with a (v) , 
fitting (such as threaded elbows and flanges) with a (f), 

and pressure relief valves with a (prv).

When equipment monitoring has been completed, the forms will 
be maintained in the "Emission and Leak Monitoring Program" 

notebook at the facility.

Calibration Information

The required calibration information discussed in Section 4, 
Instrument Specification and Calibration Procedures, will be 

maintained in the "Emission and Leak Monitoring Program" 

notebook at the facility.
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Repair Forms

When monitoring has been completed, these forms are kept on 

file in the "Emission and Leak Monitoring Program" notebook. 
Results for any leaks discovered during monitoring will be 

entered onto the repair reguest form. The repair reguest 
form will have columns to enter the following information:

- Operator name.
- Equipment identification number.
- The date evidence of a potential leak was found.
- The date the leak was detected and the dates of each 

attempt to repair the leak.
- Repair methods applied in each attempt to repair the 

leak.
- "Above 10,000" if the maximum instrument reading 

measured after each repair attempt is equal to or 

greater than 10,000 ppm.
- "Repair Delayed" and the reason for delay if a leak 

is not repaired within 15 days.
- Documentation supporting the delay of repair of a 

valve.
- The signature of the owner or operator (or designee) 

whose decision it was that repair could not be 

effected without a hazardous waste management unit 

shutdown.
- The expected date of successful repair of the leak if 

a leak is not repaired within 15 days.
- The successful repair date.



Modifications to Eauipmeirb

A description of each modification made to the equipment 
containing > 10 % organics will be kept in the "Emission and 

Leak Monitoring Program" notebook at the facility. The 

description will include the date of modification and a 

complete description of modifications made.

Examples of the monitoring forms and the repair 

documentation form are presented in Appendix A, Monitoring 

Forms.

(

Semi-annual Reporting Requirements

A semi-annual report may be required if leaks are not 
repaired within the time frame specified in Section 3,
Repair Procedures. If a semi-annual report is required, the 

following information will be provided:

- EPA identification number,
- Name and address of the facility,
- For each month, the equipment identification number 

of each valve, pump, or compressors which was not 
repaired in the required time frame specified in 

Section 3, Repair Procedures, and
- Dates of hazardous waste management unit shutdowns 

during the semi-annual period.

A copy of all monitoring, repair, and modification forms 

will be kept on file with corporate Engineering.
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Section 6 - Equipment Service and Waste Analyses

This program satisfies the monitoring reguirements for 

determination and repair of "leaks" in eguipment.

Equipment Monitored for Leaks

The equipment (excluding tanks) associated with operations 

at the facility that contain > 10 percent organics are 

monitored in accordance with the Section 2, Monitoring Plan. 
The specific equipment items required to be monitored are 

provided on the Monitoring Forms shown in Appendix A.

The general types of wastes received at the Pier 91 Facility 

containing greater than 10 % organics are waste oils and 

waste coolants with varying amounts of water. Dangerous 

waste tank systems at the facility are used for storage of 

dangerous waste and are subject to the permitting 

requirements of 40 CFR Part 270. Specific equipment 
regulated is shown on the monitoring forms in Appendix A.

Examples of constituents of the wastestreams are presented 

in Appendix C, Typical Organic Wastestream Constituents.
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COMMENTS;

Form A • Heavy Liquids 
Operator Initia s:
Date; ____

PIER 91 FACILITY
Pier 91 "Leak" Monitoring Form 
Sheet lof2



COMMENTS;

I NEW <•
I WASIE WAIER

1. EXISHNC 6‘

Form B - Heavy I 
Operator Initials; 
Date;________ '

PIER 91 FACILITY Pier 91 "Leak" Monitoring Form 
Sheet 2 of 2



Monitor Type:
CHEMICAL PROCESSORS, INC. 

Foxboro Ova 108 (Serial #__
Calibration Precision Testing - Frequency; (3 months)

Zero Gas
CH4 Concentration 
(ppm)

Calibration Gas 
CH4 Concentration 
(ppm)

Monitor
Reading
(ppm)

Average
Difference
(ppm)

Calibration
Precision
(%)

Individual
Testing
Name & Signature

isponse Time Testing - Frequency: (When Placed in Service or After Modification to Flow System)

Zero Gas
CH4 Concentration 
(ppm)

Calibration Gas 
CH4 Concentration 
(ppm)

Time Required to 
Reach 90% of 
Final Value (sec)

Average 
Response 
Time (sec)

Individual
Testing
Name & Signature

w
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CHEMICAL PROCESSORS, INC. - PIER 91 FACILITY

Leak Repair Form

Monitor

Operator

Initial

Equipment

dentificatlon

Number

3ate of

Potential

Leak

Date

.eak

Has

Detected

Date of

Each

=tepalr

attempt

VIethod

of

Repair

resting

Results

^fte^ Repair

P/F )

Leak not 1

Repaired

< 15 Days

( Y/N )

Reason for !

"Repair Delay" f

1

Signature i

'or 1

"Repair 1

Delay"

Expected !

Date of

Repair

Successful

Date of

Repair

>
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CHEMICAL PROCESSORS INC. - KENT FACILITY 
Modifications to Ecmipment Form

Frequency: Any Modification Made to Solvent Processing Area Not Covered in 
Leak Repair Form.

Date(s) 
of
Modification

Equipment
Numbers
Affected

Description of 
Modifications Made

Individual in Charge 
of Modifications
Name and Signature
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CENTURY OVA 108 PORTABLE 

ORGANIC VAPOR ANALYZER
The requirement for accurate and reliable environmental monitoring and leak 
detection is a high priority for industry. With the increased scope of environmental 
regulation, industry has a requirement for instrumentation that is
application-oriented, and sufficiently flexible to meet changing needs. The dual mode 
CENTURY OVA 108 Portable Organic Vapor Analyzer is designed to meet these 
needs.

5-2verai o! ihe many OVA i08 ieaiurc-s a.-e

• Provides continuous, direct readout c; loiat organic 
vapor concentrations lor survey ourposes (iv>ode i)

- Allows qualitative and quanutaii-.e analyses using 
the gas chromatographic mode ii.-tode 2)

• It IS a lighi-v/eighi. completely ii-eid ponanie msiru 
meni weigtiing approximaiely b e '<g 112 lb) teat pro 
vides eight liours of continuous ooeraiion iiei 
battery ctiarge.

• Alienualion ol ranges is not leouired

1930 t)y The fOKboro Company

FM and DASEEFA ceriiiied intrinsically sale Id use 
in Class I. Groups A. B. C. and O. Division 1 hazard­
ous locations.

Many hundreds ol succcssi'ji held proven applica­
tions have demonsiraied the exceniionai reiial)iiiiy 
and ruggedness ol this analyzer.

Uses a name ionization detector, v/tuch does not re 
spend to ambient gases, sucri as CO and C02. and 
exhibits no sensitivity changes due to variations in 
lol.itive humidily.

WxborO'
®rtcgi$terod Trademark
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.INTRODUCTION

The CENTURY OVA 108 is a highly sensitive analyzer that 
allows the detection ol trace quantities ol volatile or­
ganics and still maintains a large dynamic lange capabil 
ily. Using a logarithmic scale, the OVA t03 analyzes 
organics Trom t to 10 000 parts per million (ppm) This 
range provides lor both low and middle range concenira- 
lion information important to general environmental 
monitoring. It also has the ability to monitor the high levels 
required for process leak detection.

DESCRIPTION

The OVA 108 is a dual mode analyzer combining the lea- 
tures of a continuous survey, direct reading instrument 
and 3 gas chromatograph. The survey mode allows the 
continuous monitoring of total organics to provide the 
rapid identification of airborne organics. These values are 
reported directly in ppm methane equivalent. Upon the 
identification of the “hot spots" or high concentration 
areas, the gas chromatographic mode can be utilized to 
further analyze the sample, separating and reporting the 
various organic materials present and their concentra­
tions. This combination of analytical modes provides the 
best flexibility necessary to meet the environmental man­
agement needs of industry. The OVA 108 is an easy to op­
erate instrument that is able to withstand and surpass the 
most demanding application use.

PRINCIPLE OF OPERATION 

Flame Ionization Detector
The CENTURY OVA 108 ulilizes a llame ionization detec­
tor to monitor the presence ol organic vapors.
The principle benefits ol monitoring with a flame ioniza­

tion detector arc:

• Universal organic compound response with approxi­
mately the same high sensitivity for all.

- Flame ionization will not respond to changes in relative 
humidity or chang-as in CO arid CO2 concentration.

• It is a mass sensing delector which exhibits minimal ef­
fects from changes in temperature, pressure, or flow.

- Provides excellent dynamic range and concentra­
tion linearity.

Sample gathering is done by using a small diaphragm air 
pump. Detection requires a hydrogen delivery system, a 
sample delivery system, and an electronic amplification 
and display system. The hydrogen delivery system pro­
vides an eight hour supply of hydrogen gas (with a pre­
cisely controlled flow) to the detector. The sample 
delivery system provides air to the detector chamber to 
maintain the flame combustion and introduce the organic 
air contaminants for analysis. Figure 1 illustrates both the 
hydrogen flow and air flow patterns in the OVA 108.

signal processor
OPTIONAL 
CHART RECORDER

COMPRESSED 
hydrogen gas

•CHROMATOGRAPHIC COLUMN 
AND INJECTION VALVE ARE 
USED WITH GC OPTION ONLY.

Flame
IONIZATION
DETECTOR

t.hROWIATOGRAPHIC
COLUMN

METER Fr;
logarithmic 
scale /!

sample
IN•INJECTION VALVE

sample pump

Figure 1. OVA 108 Schematic Diagram
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Survey Analysis — Mode 1

In Mode 1. the air sample is delivered continuously to the 
detector chamber. When an organic vapor is exposed to 
ihc tiydrogen llame via the air flow, the carbon molecules 
ionize and a current is carried between ttre detector elec­
trodes. This current is proportional to the concentration of 
vapor in the sample. Dillerent compounds will ionize to 
varying extents in the flame. The OVA 108 is internally ca­
librated lor meltiane gas. and all survey responses are ex­
pressed in methane equivalent. The OVA 108 can be 
calibrated to read directly lor other compounds, (for ex­
ample. benzene) Ihrough the gas select adjustment dial 
on Ute instrument front panel.

Chromatographic Analysis — Mode 2
With Mode 2. the OVA 108 functions as a portable gas 
chromatograph utilizing hydrogen as a carrier gas and a 
flame ionization detector as the sensor In this mode, a 
fixed volume of sample air is injected (by means of an air 
injection valve) into the chromatographic column which 
contains a suitable packing material. At the same time 
that a sample is introduced into the column, the remain­
ing samole air is directed through an integral charcoal fil­
ter (not shown in Figure t) to provide the detector with a 
supply of pure air.

While moving through the chromatographic column, the 
sample constituents are separated based on their in­
teraction with the column packing material. As the con­
stituents leave the column, they are carried to the 
detector and register on the logarithmic meter and the at­
tached optional chart recorder. The time, measured from

too

1-
I
a

bZ
<

0.1

TOTAL 
ncsPONse

INJECTION-

I

-RETENTION- 
-TIME------ —

_<

AIR 
RESPONSE

EXAMPLE OF 
OVA 108
logarithmic
CHROMATOGRAM

\

0.01

TIME IN MINUTES

Figure 2. OVA 108 Generalized Chromatogram

the moment of sample injection until the compound of in­
terest exits the column, is knovzn as the retention time 
and serves to identify the compound. The area under the 
chromatographic peak is proportional to the concentra­
tion of the compound in the air sample. The peak height 
can also be used to determine sample concentration 
since it closely correlates with peak area. Figure 2 illus­
trates an example of a logarithmic chromatogram.

OVA 108 APPLICATIONS

The OVA 108 is well-suited for use in the following typical applications;

• Process Leak Detection in the Petrofeum. Chemical, 
or Natural Gas Industries

• Equipment Leaks of Volatile Organic Carbon (V(X). 
Reference Methods 18 and 22. Fugitive Emissions. 
EPA 40. Code of Federal Regulations (CFR). Part 60

• Landfill Monitoring

Benzene Equipment Leaks. Fugitive Emissions Sources. 
EPA 40. CFR Part 61

Equipment Leaks of VOC from Onshore Natural Gas 
Processing Plants. EPA 40. CFR Part 61

Stack Monitoring for VOC

Ouality Control Monitoring Carbon Absorption Systems

STANDARD SPECIFICATIONS

Readout 1 to tO 000 ppm. logarithmic scale 
Minimum Detectable Limit (Methane) 0.5 ppm

Response Time Approximately two seconds fo' 90% of 
reading

Fuel (or Detector Hydrogen

Carrier Gas for Chromatograph Hydrogen (self- 
contained lank)

Sample Flow Rale Approximately 2 L/min

Concentration Alarm Audible alarm, user selectable 
level

Electric Power t2 V dc rechargeable battery 
Voltage Output to Recorder 0 to 5 V dc 
Flame Out Indication Audible and visual 
Operation Time in Portable Mode Eight hours 
Filters Sintered metal, user-cleanable

Nominal Dimensions (Sidepack)
230 X 300 X too mm (9 x 12 x 4 in)

Approximate Mass 5.5 kg (12 lb)
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PRODUCT SAFETY SPECIFICATIONS

EPA Reference Method 21

The Environmcnial Pfolechon Agency. Relerence 
Method 21. EPA 40. CFR Pari GO. states lire pcrlotmance 
specifications by whicti volatile organic compounds 
(VOC) will be determined Ttiese performance specilica- 
tions ensure that instrumenlaiion used to monitor VOC 
will report the data in a timely, accurate, and sale way 
The CENTURY OVA 108 nieeis lire specifications oi 
Method 21 as follows:

1. Flame ionization is an approved ceiccior.

2. The instrument shall be intrinsically safe and meet 
all aspects of Article 500 of Uie National Electrical 
Code of the United States — Fm I/i/ABCD.

3. The instrument sliall measure the prescribed leak 
level; example. 10 000 ppm.

-1 Riit s.rnipling rale shall br; belv.<een 1/2 and 3 litres 
per minute Fhe OVA 108 sampling rale is 2 litres/ 
per minute

5 Actaji.'icy sh.all be ±5% of tiro designated leak 
level.

6 Resporrse time must be less ttian 30 seconds. The 
OV.A lOS has a response lime ol approximately two 
.seconds

Electrical Classification

FM ceriilied intrinsically safe for usfj m Class I.
Groups A. B. C. and D. Division i hazardous locations.

BASEEFA crjrtitied inirinsically safe. Ex ib. for IIC.
Zone 1. Te.mperature Class T6.

INSTRUMENT ACCESSORIES 
(Also Refer to Figure Below)

Oilutor Kit Used to monitor inert atmospheres, or ex­
tend the concentration range of the instrument. The dilu­
tion ratios are adjustable 5 to 50 times. Specify Part 
Number 511745-1.

Portable Isothermal Kit (PIP Kit) Used for the tempera­
ture control of the OVA columns at 0. 40. and tOO'C (32. 
104, and 212°F). Specify Part Number 511800-1.

Standard Chromatographic Columns Various column 
packings available. Specify Part Number 510454. also 
type and length of column.

Portable Strip Chart Recorder Used lor making hard 
copy records for both Option A and Option B configura­
tions. Specify Part Nurhber 510445-2 for FM certifica­
tions. and Part Number 510445-5 for BASEEFA 
certifications.

Septum Adapter Used for making syringe injections of 
gases into fhe instrument. Specify Part Number 510645-1.

Charcoal Filter Adapter Used for zeroing the instru­
ment in contaminated environments. Specify Part Num 
ber 510095-1.

ANALYZER 
SHIPPING OR 

'CARRYING 
CASE

HYDROGEN 
fill ASSEMBLY

36 INCH
EXTENSION-
PROBE

m
LEATHER

-CARRYING
strap

battery 
-CHARGER 

110/220 V ac

/ I \
TUBULAR ^ CLOSE AREA DETECTOR 
SAMPLER SAMPLER BRUSH

\
SOCKET HEAD 
WRENCHES

\
OVA
COLUMN
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r INSTRUMENT TYPES

Option A Conligured for use as a Survey Mode Analyzer 
(or lolal liydrocarbon moniloring. Specily OVA 108.

Option B Conligured lor use as a Survey and Gas Chro­
matograph Analyzer. Specily OVA 108GC.

c

ORDERING INSTRUCTIONS

1. Conliguralion Option A (OVA 108) 
or Option B (OVA 108GC).

2. Insirumen! Accessories

3. Electrical Classilicalion

4. Tag and Application
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E PA-600/2-81-051
-A. r»T\.« Ai^O tv# ^»TV€Reapopisc Factors of VOC Analyzers at a Meter 

Reading of 10.000 ppmv for Selected Organic 
Compcrartds

D.A. Du Bose and G.P:. Harris

KadUn Corporation 
P.O. Box 9948 
Austin. Texas 787GG

*»y !t<

t X, a04«»<* *»aw< a*^0 aOO'*»»4
EPA, Office of Research and Development 
LTdistrlal Environmental Research Laboratory 
Research Triangle Park, NC 27711

•o. <^'A<-o^’A^r7.L<^^TprrNo.
IAa^GO-1 

G8-02-3171. Task 28

1,1 T O* n«rOo r AtHO rcnioo covtneoTask Final; 12/80-2/81
54PO^'s6^'^f^i3 AO€^<CV COOC

E PA/GOO/13
ts.ierL-RTP project officer Is Bruce A. Tlcl'^nor. Mall Drop G2. 
919/541-2547. EPA-600/2-81-002 Is a related re(X>rt.

1 A. a«oL t AAC t Th- report summarizes results of a reinterpretation of data generated In

crlbes and gives original results of the laboratory’ stuoy.) Detector sensitivity is 
qnanOned by a response factor for each chemical where the response factor equals 
the actual concentration of the chemical divided by the observed concentration from 
the detector The previous report estimated response factors at 10,000 ppmv actual 
concentration of the chemical. This report presents response factors estimated for 
a 10,000 ppmv detector reading. The instruments were calibrated to 7993 ppmv 
methane gas.

Pollution 
Hydrocarbons 
?<Ieasurlng Instruments 
Sensitivity 
Organic Compounds

0*4TAieut»0** iTATtMtA^r

Roloase to Public

Pollution Control 
Stationary Sources 
Hydrocarbon Detectors 
Rcsiionse Factors

s€CuAi rr CcAts /?>/*
Unclassified

JO. »£CO«« T CLASS C^t<lUnclassified

crA r«<«*

C. COS ATI FlcJC/OfOOp



mmWmM
Ui>i.r4^-

M
TAHLi; OK CONTKi.'TS

Sect Ion

Lise of Tobies
INTRODUCTION'

results

DATA ,VN/\LYSIS.
3.1 Clnsslcnl F.scinacIon of Response i'nctors

3.2 Inverse F.stlra.itIon of Response I'.icLors

3.3 Discussion 
LITERATURE KEVLITl.

mm

'mm-



m
SF.CTION 1 

INTRODUCTION

Thts tcchnlcnl nocc sunn,:.rUcs the results of n reinterpret:.tion oC 
the data generated in a laboratory study of the sensitivity of too types 
of portable hydrocarbon detectors to a variety of organic chen.icals.^ This 
vork is funded by the lii'A as part of Contract Nua.ber 6S-02-3171. Task 2S.

A previous report (Brovn, £l. . 1980) presents the descri,.tio:. and origi­

nal results of the laboratory study.

The detector sensitivity is quantified by a "response f:.ctor" for each 

cheraical where

Response Factor
Actual Concentration of Chemical 

Observed Concentration from Detector

The previous report (brown, clal.. 1980) estimated response factors of 
10,000 ppmv actual concentration of the cliem.ical. This report presents 
response factors cstir..atcd for a 10.000 ppmv detector reading.

The instrum,encs were calibrated to 7993 pp.mv laethanc gas.

^^1
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SKCTION 2 
KICSUI.TS

This Tcchniciil Nocc presents response fnecors for f-o types of por^nblc 
hydroenrbon nnalyzcrs. the "OVA-lOo" ns-! the "TI.V sniffer", for 168 differ­

ent chemical compounds. Tlic rcspon.se factor l.s defined as the ratio of the 
actual conccntrntlon to the observed concentration (or In.strument response).

Tbc response factor varies vith concentration. in a previon.s report 
(Brot-n. ct , 19S0) the response factors were presented at 10.000 ppmv 

actual concentration of tlic chemLcal.

The response factors arc co.mputcd at .10.000 ppmv concentration observed 
by the detector in this Technical Nocc. Table 2-1 presents response factors 
for chemicals on both types of instruments along uitli the 95 percent confi­

dence intervals. The Background Information Document cn fugitive emissions 
from Che Synthetic Organic Chemicals Manufacturing Industry (SOCMI) (El’A, 
1980) recom.sicnds an .action level of 10.000 pp.mv as read directly on a por 

table hydrocarbon detector.

Too statistical methods were used here to compute estimates .and asso­

ciated confidence intervals: the classical regression method and tiic inverse
regression method (Sec Section 3). Both methods of estimation csscntially 
involvc the fitting of a line to the actual .and instrument observed concen­
trations. The interpolated or c.’'.trapolatcd actual concentration at 10.000 
ppmv observed concentration is calculated based on the fitted line. The 
response factor is computed as the ratio of this estimated actual concentra­

tion to the specified 10.000 ppmv "ob.scrvcd" concent r.at ion.
M

IIIP
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TABLE 2-1

ntspcmt fACToas
Mint 08 T, COWIKiNCJ IlfT 1!HIVAL3 

ESTIMATEO AT 10,000 PPMV fltSPONSE

ccrO'.T • CQXPO^tsO VOLATILITY RESPO.'^ISC COHflOtHCC RCSr-T^fSt COMF I OChCI1 0 KtJ MA*3i: CLASS*• FACTOR IHTCRVALS FP.CTOR nrrcflfYAcs
70 ACETIC AGIO LL 1.04 1.11, 2.OS) 13.00 ( 7.00 , 40.2-0)00 ACETIC A>OnC?f^lOE LL 1.39 1.00. I.BO) 0.00 I ( 2.71 1 2.30 )BO ACETONE LL O.fiO 0.57, 1.20) 1.22 ( 0.8 1 2.00)100 ACETONE CYAMOKTOniM ML .3.5 1 0.09. > 100.00) 2 1.00 N ( 1 >100.00)

! 10 ACETONITRILE LL 0.95 0. &5, t.CO) 1 . IS ( 0.74: 1.02)130 ACETOPHENONE HL lfl.70 5.52. > 100.00) Q13S ACETYL CHLO/UOE LL 2.04 1.72. 2.40) 2.72 ( 1 . os, 5.22)
ino ACETYLENE 0 0.00 0.00 , 0.43) 0100 ACRYLIC AGIO LL 4.39 3.00. O.S?) 0
170 ACRYLONITRILE LL 0.9V 0.00. 1.20) 3.49 I ( 0.44, 27.90)ALLENE 0 0.04 0.00. O.flO) 15.00 ( o.os, 20.CO)200 ALLYL ALCOHOL LL 0.96 0.70, 1.27) X
230 A/4YL ALCOHOL.H- HL 0.75 0.57. 1.04) 2. 14 ( 0,4S, >100.OC)305^ AAIYLENE LL 0.44 0.34. 0.01) 1.03 ( 0.30 2 . SO )330 ANISOLE LL 0.92 0.00. 1.40) 3.91 ( 0.52; >100.00)300 BEN2AL0EHY0E HL 2.40 1.30, . L.02) 3
300 . BENZENE LL 0.20 0.2B, 0.31) 1.07 ( O.M, 1.20)450 OENZONITRILE HL 2.09

1. U, .10.30) a4B0 BENZOYL O4L0RI0E HL 22.10 0 3.40, >100,00) D
330 BENZYL chloride HL 15.00 0 3.03. > 100.00) Q
570 OnOMOQENZENE LL 0.40 0.04. 0.48) 1.19 ( 0.2 7 . > 100 . CO 1390 BUTADIENE.1.0- G 0.57 0.34. 0.00) 10.90 ( a. 11, 13.40)

BUTANE,M- 0 0.50 0.40. 0.55) 0.83 { 0.30 . 0.70)
040 DUTfVNOL.N LL 1.44 1 O.flO. 2.34) 4.11 I { 2.18. 7.13)
050 BUTANOL.SEC- LL 0.70 0.70. 0.83) 1.25 ( 0.9C. 1.08 )000 AUTA/yOL , TERT S 0.53 0.00, 0.81) 2.17 ( 1.34. 4.43)

OnCA-IIC CHEMICAL pnoOUCERS OATA BASE 
CT.AS; LL-LICTir LIQUID; IIL'HEAVT LIQUID.

DEFlKlTlOfl OF EXPLAMATORY OATA CODES;

1 IIIVCRSE ESTncMlOH METIOO X 
0 POSSIBLE OUTLIERS IH OATA O’ 
M MARROM RANGE OF DATA P

NO DATA available
10,000 PPITY RESPOATSE LETAOII EYAliLE
SUSPECT POINTS ELIMINATED
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TABLE 2-1 (Continued)

RESPW«t fACTOnS 
WITH «S *A COHflOtTfCt IMTCIIYALJ

ESTIKATEO AT 10,000 PPTTV RESPCX-rtE

OVA

m

10^0

iS

M

OOP DO I COKPOUHO
10 l-W N.WE

ana cutene.i-
000 OUTYL ACETATE,
030 OUTTU ACftTLATE,N-

OUTYL ETHER,N 
OUTYL ETHER,SEC 

070 OUTYLAHIN£,H- 
oao IJUTYLAM1ME,SEC- 
OaO 0UTYLA*(1HE,TERT-BUTYLOEHZ£HE,TERT- 
700 OUIYRALDEHYDE II- 
700 BUTYRIC AGIO 
700 OUTYRONITRILE 
790 CAROOM OlSULfIDE 
030 CHLOnOACETALDEHYOC 
090 OILOROOENZENE 

17<0 CHLOnOETHAME 
930 aiLOROrORM 
900 aTL0n0PHEN0L,0-

aiLonoPROPEiiE, I- 
OILOROPROPEHE, 3- aiLOHOTOLUENE,M- 
OILOROTOLUEHE,Q- 
aiLOROTOLUES'E,P- 
CRES0L,0- 
CROTONALOEirrOE

VOLATILITY 
CLASS*•

0
LL
LL
LL
LL
LL
LL
LL
HL
LL
HL
LL
LL
LL
LL
G
LL
ML
LL
LL
LL
LL
LL
S
LL

REST-OUSE 
EACTOR

O.SO
0.00
0.70
3.00
0.3S
0.09
0.70
0.03
1.33
1.39
0.90
0.53

S
3. 10 0.30 
5.30 I 
9 .39
4. SO 0.07 
0.90 
0.40 
0.49 
O.SO 
0.00 
1.35

COhiriOEICE
1KTERVAL5

ORGANIC CHEMICAL PRODUCERS DATA.BASE 
• C*GAS; LL'LICHT LlOUIDl ML'HEAVY LIQUID.

OEfINITION OF EXPLANATORY DATA CODES:

INVERSE ESTIMATION METI930 X 
POSSIOLE OUTLIERS IN DATA 8 
HARROW RANGE OF DATA P

NO DATA AVAILABLE
10,000 PPMV RESPONSE UNAOIIEVABLE
SUSPECT POINTS ELIMINATED

CONY I ODflC* lintRV/AS

O.Qt. 0.03) &.fi4 ( A. 20. 1.00)
0.54, 0.03) 1.33 ( 1.15. 1 .TO)
0.03. 0.70) 2.C7 1 ( 1.17, 9 . M )
o.ai, 9S.OO) 3. BA 1 ( 1.62. 7.04)
0.21. 0.05) 1 . IS ( 0.7S. 3,17)
0.03. 0.09) 2.02 ( 1.14. 4.97)
o.sa, 0.17) 1 . W 1 0.77, 6.34)
O.Sfi, 0.70) 1.95 ( 1.42, 3.91)
0.09. 3.30) Q
1.07, 1.81) 2.30 ( 0.90, 13.tO)
0.30, 3.T4) 10.70 1 ( 0.B3, 17 .SO)
0.40, 0.741 1.4? I ( 0.Q2, 3.44)

3.02 ( 1.17, 13.BO)
5.73. 10.30) 3.07 \ 3.00. 9.79)
0.02,. 0.47) 0. &6 ( 0.77, 1.00)

1 .117 . 30.40) 3.90 P ( 1 .64. 14.10)

5. 13.
30.00) fi

1.72, 37.30) lft.30 1 ( 0.50. 5 1 . SO)
’0.B 1 , 0,73) 0. fl? ( 0.09, 1.10)
0.72, 0.90) 1.24 ( i.oa, 1.43)
0.45. 0.51) 0.6 1 ( 0.40. 7.47)
0.42, 0.55) 1.0<3 ( 0.33, >100,00)
0.52. 0.01) 1. 17 t ( 0,77. ).m0.70. 1.45) 4.30 1 ( 0.40, 47,40)
0.82, 3.34) S
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TABLE 2-1. (Concinucd)

Rtspofrit fRcrofls 
MtTW OB X CCKfimNCZ IMTtRV/ULS

ESTIKATEO AT 10,000 PPTW RCSPW^SE
OVA

OCPOO • COMPOlPrt)
10 TJO NW'lt

ICOO CUMENE 
ttJO CYCLOHEXANE 
1130 CTCLOHEXANOL 
t HO CYCL0HEXAN0f<E 
1130 CTCLOHEXENE 
1100 CYCLOHEXYLANINE 

OECANE
1 ICO OtACETONE ALCaiOL 

OlACETYL
1370 OtaiLORO-1-PROPENE,3,3- 
12 15 D1O1L0R00EN2ENC ,l<- 
1210 OIClfl-OROBENZENE.O- 

OICHLOROETKANE,1,1- 
IT-II OIOILOROETHANC, 1,2- 
1235 DIQILOROETHYLENE,CtSI.3- 
1230 OICHLOIIOETHYLENE , TRANS I , 2 
2020 01CHLOROMETHAJ1E 
3110 OlOlLOROPROP/UIE, 1,2- 
IHO OlISOOUTYLENE 
1670 niMETKJXY ETHANE, 1,3- 
HOO 01HETHYLr0RMAHID£,N,N- 
HCS 0IMETHYLHY0RA2INE 1,1- 
1320 OIMETHYLSULEOXIDE 
HJO DIOXANE 
1050 EPiaiLOROHYORIN

ATILITY Respo^fSC co7ifidei«:e RESPOVSt axfiotxx
CLASS'* FACTOn INTERVALS FAaOR lKTtftVAl.1

LL 1.87 ( 1 . 10. 3,21) 0
LL 0.47 ( 0.39, 0.S6 ) 0.70 ( 0.07, 0.80)
HL 0.88 ( 0.03, 1.20) 0

LU • 1.80 ((
0.97, 2.70) 7.06 ( 1 . fi 9 , > 100.00 >

LL 0.49 ■ 0.47 , 0,37 ) 2.17 ( 1.70. 2.76)
LL 0.57 ( 0.47. 0.00) 1.36 ( 1.78. 1 . 68 )
HL 0.09 H ( 0.03 . > 100.00 ) 0.10 I ( 0.07 , 0. W)
HL 1 . 45 ( 0.90, 2.<8) 0.96 ( 0.44, 5.93)
LL 1.S4 ( 1.75, 1.02) 3.26 ( 7.75. 5.12)
LL 0.75 ( 0.5Q. 1.00) 1.75 ( 1.14, 3,19)
HL 0.64 ( 0.05. 0.77) 2.30 ( 0.58, >100.00)
HL 0.08 ( 0.47. 1.11) 1.28 ( 0.35, >100.00)
LL 0.70 ( 0.Q7. 1.02) 1 .H8 ( 1.50. 2.25)
LL 0. OS ( 0.77, 1.22) 2.15 ( 1.00. 2.12)
LL 1.7? ( 1.05.. 1.50) 1.03 ( 0.89. 3.67)
LL 1.11 ( 0.08 . 1.17) 1.00 ( 0.6? , 12,60)
LL 7.61 ( 7.13. 3.67) 3,65 ( 3.40. 0.98)
LL 1.03 ( 0.87. 1.33) 1.03 ( 1.00, 3.03)
LL 0.35 ( 0.79. 0.<4) 1.61 ( 0. M. 2.60)
LL 1.77 ( 0.64 , 3.Q1) 1.82 ( 0.69. 6.38)
LL 4 . to ( 7 . 90. 0.56) 8.29 ( 4.05, 7.20)
LL 1.03 ( 0.?7, 1.63) 2.70 ( 0.61, >100.00)

HL • 0.0? I ( 0.00. 0,11) 6.65 I ( 4. 15. 17.20)
LL 1 .48 ( 1.04, 3.33) 1.31 ( 0.70, 3.00)
LL 1.09 ( 1.50. 1.66) 2,03 ( 1.79, 2.13)

ORGANIC OlEMICAL PRODUCERS DATA BASE 
G'CAS: LL'LIOHT LIQUID; HL<MEAVY LIQUID,

OEEINITIDN OF EXPLA2IAT0RY DATA COOES;

INVERSE ESTIMATION METHOD 
POSSIOLE OUTLIERS IN DATA 
NARROW RANGE OF DATA

X NO DATA AVAILAOLE 
B 10,000 PPMV RESPOIfSE UNAO11EYA0LE 
P SUSPECT POINTS ELIMINATED
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ccpoa• 
10 NO

1000 
10 to1070
lOQO
lOOO
1700
1090
n 101770
lOtO
1600
oooo
0 103

3700
3050
3300
3370
3300

TABLE 2-1 (Coneinueci)

nciPOKit rACTOPS 
«1TH tfi % CONrlOtNCt 1KUIWM.S

f.STlrtATEO AT 10.000 PP«V PESP0M3E

OVA

coNPOuivn
MANE

ETHANE
ETHANOL
ETHOXT ETHANOL,2- 
ETHTL ACETATE 
ETKVL ACETOACETATE 
ETHTL ACPTLATE 
ETHYL CHLOnOACETATE 
ETHTL ETHER 
ETHYLOEHZENE
ethylene 
ethylene oxideETHYLENEOl/NIME
roRiuc AC to
GLYCIOOL 
HEPTANE 
HEXANE,N- 
HEXENE. 1- HYDROXYACETONE 
ISOOUTANE 
ISOOUTYLENE 
ISOPRCNE
isopropanol 
ISOPROPYL ACETATE 
ISOPROPYL OTLORIOE 
ISOVALERALOEHYDE

VOLATILITY RESPONSE 
CLASS'* rACTOR

CONE I DENCt 
INTERVALS

RESPONSE 
r AO TOR

a
LL
LL
LL
HL
LL
LL
LL
LL
0
0
LL
LL
LL
LL
LL
LL
LL
0
0
LL
LL
LL
LL
LL

0.03 
I .70 
1.53 
0.66 
3.62 
0.77 
1.69 
0.97 
0.73 
0.71 
2.60 
1.73 

U . 30 
0.06 
0.41 I 
0.4 1 
0.49 
0.90 
0.4 I 
3. 13 
0.59 
0.91 
0.7 1 
0.06 
0.04

0.44,
1.59,
1.20,
0.77,
1.69, 
0.03,
1.70. 
0.77, 
0.03, 
0.03, 
1.95, 
1.39,

10.00, 
3,33, 
0.26, 
0.38, 
0.39, 
4.45, 
0,39, 
0.90. 
0.40, 
0,73, 
0.03, 
0.00, 
0.57,

1.58) 
2.-01 ) 
1.90) 
0.93) 

10.70) 
0.97 )
2.30)
1.30) 
1.11) 
0.82) 
3.29) 
2.40)

19.80)
19.70)

. 0.00) 
0.45) 
0.50) 

12.10) 
1.04) 

38.50) 
0.80) 
1.30) 
0,83) 
0.77 ) 
0.74 )

0.09 1 
X

1 .02 
1.43 
5.00

X
1 .59 
1.14 
4.74 0 
1.50 
9 , 40 
3.30

B
5.60 
0.73 
0.69 
4.69 C 

15.20 
0.55

1.39
1.31
0.96
3.19

OErlNlTION OF EXPLANATORY DATA COOES;

inverse ESTIMATION METM30
possiole outliers in data
MARROW R4.N0E OF DATA

P SUSPECT POINTS ELIMINATED

KI

9.M

CCSFIOTNCl
IKTERYAL3

0.11 ,

O.M, 5.12)
1.07, 2.00)
1,93, 38.60)

0,40 , > 1OO. 00) 
0.94, 1.42)
1,36, 61,90)
1.20, 2.00) 
0.90 . > 100.00) 
0,78,>100.00)

2.08, 34.70)
0,33, 0.10)
0.63, O.T»)
0.85,>100.00) 
6,11, 60.40)
0.41, 0.81)

0.04, 2.11) 
1.04, 1.72) 
0.82, 1.22) 
1.14, 0.65)
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TABLE 2-1 (Conuinucd)

Kzy’Oiitic fACToas 
WITH ofl % corc/io£f<ct irntnvA^Li

CSTlMATtO AT 10,0/00 PPIIV PCSI>OMSf.

OVA

a»(TlDOCt
IKTtA7\Ll

A£SPOXS£ 
f Acrc»

COt<FlUtKCt
IKTERYALS

RESPONSE
FACTOR

VOLATIUTT 
CLASS*

COt'S'CXI^O
NAME

OCPOQ
10

^5?

mmI
SIf4i|

s.i

■mmi#j

1460

1540
2570

2870 
2890 
2700 
2770 
2790 
279 1 
270S

MCSITYL O.MOE 
METHACftOLElM 
XETKACRTLIC ACID 
METKA740LXETK2AY-ETHANOL.2-
METHYL ACETATE
METHYL ACETYLENE
METHYL O(L0ftr0E
METHYL ETHYL KETONE
METHYL fOOMATE
METHYL METHACflYLATE
METHYL*2-PE»n/A«L,«-
METHYL-2-P£(rrANOHE,4-
METKYL-0-DUTYN-2-0L,2
METHYLAL
METHYLAHILIHE.H-
METHYLCYCLOHEXANE
METHYLCYCLOHEXEHE.1-
METHYLPEMTYHOL
METHYLSTYPEHE, A-
I40RPH0L1ME
HITPOOEHZEHE
HITROETMANE
NITROHETHANE
NtTROPROPANE

LL
LL
HL
LL
LL
LL
Q
0
LL
LL
LL'
LL
LL
LL
LL
HL
LL
LL
LU
LL
LL
HL
LL
LI.
LL

1.09 0.94. 1.22) 3. 14 ( 1.43, 12.00)
1.20 o.9o; 1.71) 3.4) 0 ( 1.51, 11.K))
0.E2 0.31,- 14.70) i.c?a 1 ( 0,24, 4.64)

4.09 P 3.fit, 5.00) 2.01 ( 1,60, 3.4A)
2.23 t .02, 3.34) 3. 13 ( 1,13, 27.40)
1.74 !.40, 2.13) 1. ta ( 1.44, 2.49)
o.ai O.Sfi. 0.04 ) 0.79 ( 4.10, 1U.40)
1.44 1.22. 1.70) 1 .94 1 0.7 3 , > 100.00 )
0.04 0.S1. 0.94) 1 . 12 1 0.93, 1.M)
3.11 2.42, 4.14) 1.94 ( 1.72, 2.21)
0.99 0.90. 1. 10) 2.42 ( 1.R9, a.it)
1.00 1.27. 2.32) 2.00 ( 1.40. 3. 18)
0.50 0.46. 0.09) 1.00 ( 1.22, 2.M)
0.39 0.44. 0.00) X
1.37 1.00, . 1.13) 1 1 1.24, 1.74)
4.04 3.9 1. 5.57) 9.40! ( 2.55, 35.20)

0.49 •
0.20. 1.39) 0.84 1 0.00, 1.«)

0.44 0.30. 0.54 ) 2.79 i 1.79, 5.12)

1 . 17 0.71, 2.40) 3.42 ( 1. 83, 9.54)
13.90 9.GO. 21.50) &0,92 0.07, 1.40) 2.69 1 ( 0.64, 10.SC)

0 0.01 1 ( 0.00. »2.90)
1.40 I .20, 1.0'SI 3.45 ( 1.50, 13.00)
3.52 3.03. 4. 15) 7.00 ( 1.91, >100.00)
1,05 0. fiO, 1.40) 2.02 ( 1.17, 4.47 )

ORGANIC aiEMlCAL PRODUCERS DATA RASE 
C'C.AS; LL-LIOHT LtOUIO; HL«HEAVY LIOUIO.

OEflNITlON OF EXPLANATORY DATA COOES;

1 INVERSE ESTIMATION HETHOO 
D P0SSI8LE OUTLIERS IN DATA 
N HARROW RAI/C.E OF DATA

X HO DATA AYAILAaLE
B 10,000 PPtPY RESPONSE WA011 C YAO L E 
P SUSPECT POIITTS ELIMINATED
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TABLE 2-1 (Concinucd)

fttsporat fACTons 
VtTH 00 X COWIOtMCt t^fTtt^VAii

CSTIMATtD AT 10,000 PPW RESPCmt
OVA

ocpom CCHP0U1O VOLATILITY RESPONSE Ct>T10Et-rct A£SPO;<T£ co:4?lCM>!Ca
to NO NAMr CLASS*• rACTOP INTERVALS f/uCTOft ll'ntRYAJ.t

M3^/ANC *N LL I.B4 ( 0.94. 3.91) n. 10 ( 3.13. >100.00)
0CTA.NE LL 1.03 ( 0./19. 1.31) 2.11 ( 1.01, 2.75}

not PtKTA/i£ LL 0.33 ( 0.42. 0.09) 0.03 ( 0.07. 0.70)
2873 PICOLIMP., 2- LL 0,43 ( 0.39. 0.30) 1.11 ! 1.00, 1.20}

PRQPMt Q O.BS 1 I 0.40, 0.73) 0. ftO P 1 0.31, 0.«0 )
3003 PAOPIONALDCHTOE LL 1. 14 ( 1.00. 1.33) 1.71 ( 1.11,

0.73.
3.00)

3000 PnOPlONIC ACIO LL 1,30 ( 1.03, 1.70) 3.04 D ( >100.00)
3070 PROPYL ALCt>OL LL 0. E3 ( 0.??, 1.10) 1.74 ( 1.00. 3.20)

PROPTLSENZCNe.N- LL 0.31 ( 0.43. 0.39) a
3090 PROPYLENE Q 0.77 ( 0.44. 3.00) 1.74 I ( 0. to, 20.>0)
3 t20 PROPYLENE OXIDE LL 0.33 ( 0.74, O.IS) 1.13 ( 0.00, 2.4«)
3130 PYRIDINE LL 0.47 ( 0.40. 0.33) 1. 10 ( 1.03. 1.34)
32 30 STYRC^^E LL 4.33 ( 3.48, 3.37) 0
3200 TETRACHLOnOETHANE. 1. t. 1 , 2 LL 4.33 0 ( 1.34,>100.00) 0.9 1 ( 3. 14. 22.Kl)
329 1 TETRAaiLOROETHANE, t. 1.2,2 LL 7.E9 ( 5.01.. 13.90) 23.40 I fl .00. >100.00)
2000 TETnAa4LOROETHYLEN£ LL 3.97 ( 1.71. 0.11) 0
3349 TOLUENE LL 0.39 ( 0.30. 0.43) 2.04 0 ( 0.72. >100.00)
3393 TRICMLOROOEN2ENC. 1.2.4- ML 1.31 1 1 0.50. 3.14) 0.47 I ( 0.32. 0.04 )
3393 TRlOaonOETHANE .1,1.1* LL 0.90 ( 0.72. 0.90) 2.40 ( 1.01. 3.30)
3400 TRICMLOnOETHANE.1.1.2- LL 1.33 ( 1.03. 1.50) 3.09 ( 2.77. 5. 16)
34 10 TniCHLOROET>lYLENE LL 0.93 ( o.n. 1,091 3.93 ( 2.01. Q.32)
3 420 TRICHLOROPROPANC,1.2.R- LL 0.90 ( 0.04. 1.79) 1 .92 ( 1.27. 3.12)
3430 TRIETMYLAMINE LL 0.31 ( 0.40. 0.70) 1 .44 ( 0.90. 2.76}
33 10 VINYL ACETATE LL 1.37 ( 0.05. 1,93) 3.21 D 1 1,20, >100.00)
3320 VINYL CHLORIDE Q 0.94 ( 0.01, 1.39 ) 1.0<3 ( 0.30 , 4.00)

■ urcanic oiEMiCAi. pnoDUCEns data case 
• • n*QAS; LL’LICKT UCAJID; ML'HEAVY HQOIO.

OEc'INlTlOi-l or EXPUA/MTOPT DATA COOES;

I nWERSE ESTIMATION METHOD X
0 PossioLE ocrrLitns ik data a
H MAPROW PAAfOE or DATA P

NO DATA AVAlLADLE
10,000 PPKV RESPOKSE UNACHl EYAJ1I.E
SUSPECT poirns elihikateo

•i t'i,K mmmm
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TABLE 2-1 (Continued)

RtSFOMSt fACTCm 
WITH as » cowTiMNct iNrtnvALS

tsrinATto AT 10,000 ppMv ntipomt
OVA

OCPW COMPOVNO VOLATILITY RESPONSE CONFIDENCE fUsrcN^t CCNf 1 DOXt
ID NO NAME CLASS*I FACTOR UfTERVALS PACT Ofl IKTrfiVALS

\
VINYL PROPIONATE LL 1.00 I ( 0.S7. 1.74) 1.21 I ( 0.4Q. 2.20)

30DO VINTLIDENE CHLORIDE LL 1. IS ( 0.07, 1.52) 2.41 ( 1 . A2 . 2.XI)
D370 XTLENE, P- LL J. 12 ( 1.71. 2.01) 7.07 ( 3.40, 24.W)
3 5&0 XYLENE,M- LL O.TO ( 0.20, 0.40) 5.47 0 ( 0.01. >100.00)
3500 XYLENE,0* LL 0.42 ( 0,20, 0.05) 1.40 ( O.ot. 0.22)

I organic OtENtCAt PnOOUCERS DATA CASE 
't C'GAS; U'LICKT LICUIO; ML-HEAVT LIQUID.

otriHiTiON or EXPLANATortr data codes;
1 INVERSE ESTKIATICLM METHOD
0 possinuE outliers in data 
N narrow RATiTSE Of DATA

X foO DATA AVAI LADLE 
J (0,000 ppirv RESPONSE UtMOUEYADLE 
P SUSPECT POINTS ELIWIIWTED
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Most of the response fnctors nml nssoeiated confidence Intervnls were 
cnlculatcd using the classical niethod; those coniputcd using the inverse 
method arc noted In Table 2-1 v^ltli the explanatory code "I”- Otlier explan­

atory codes used in Table 2-1 Indicate data ava1labillty. data applicability 
and possible data uncertainties socli as the presence of outliers.

In most cases the data fell very nearly on a straight line, l.ut some- 
tlraes tlicy did not. W.cn outliers were clearly defined they eerc removed 
from tl.c data and th.c response factor recomputed. This could not always be 
done. Often It vas not clear which data points were valid and whlcn were 
not. Additional data would be ncccs.sary to clarify these situations. Since 
It was not clear which points should be removed In these cases, all points 

were included.

Table 2-2 lists cliemicals tested which do not appear to respond at a 
10,000 ppmv reading at any concentration. The data and the fitted line 
showed that the response appears to be well below 10.000 ppmv for feasible 
actual concentrations. Sometimes it was not possible to distinguish between 
this situation and the problem of unresolved outliers mentioned above. Ques­
tionable or borderline cases arc included in Table 2-1 rather than Table 2-2. 
Some of these chemicals have large estimated response factors and wide con­

fidence intervals.

m
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A LIST OF TF.STF.D CHEMICALS WHICH API’Fj\R TO BK I'liABLi: TO 
ACHIEVE, AN INSTRUMENT RESPONSE. OF 10,000 PPIW AT ANY 
FEASIBLE CONCENTRATION

TABLE 2-2.

Co.-nnound NnmcOCPDIJCompound NameOCPDB*

1221
2073

1660
2770
2910

Acccyl-l-propanol, 3- 
Carbon disulfide 
Carbon tetrachloride 
Dichloro-l-propanol,2,3- 
Dichloro-2-propanol,1,3- 
Oilsopropyl bcnzene,1.3- 
DiracthylstyrOTic,2,A 
Freon 12 
Furfural
Hethyl-2.4-?entanediol,2
Monoethanolanine
Nit robenzene
Phenol
Phenyl-2-Propanol.2-

130 
160 
360 
A 50 
490 
530

SIO
930

1040
1060
1130

2060 
1221 
207 3 
2200

2690
1660
2910

3230
2S60

♦Organic Chemical Producers Data Base ID Number

isia

Acetophenone 
Acctyi-l-propanoi, 
Acetylene 
Acrylic Acid 
Bcnzaldehyde 
Benzonitrilc 
Benzoyl chloride 
Benzyl ci’.loride 
Butylbcnzcne. tert- 
Carbon tecrachiorido 
Ch.loroforn-.
Crotonalcehyde
Cumene
Cyclohe>:anol
Dichloro-l-propanol,2,3-
Dichloro-2-propanol,l,3-

Dii.sopropyl benzene,!,!-
Dimethylstyrene .2,4-
Formic acid
Freon 12
Furfural
Isobutylene
Methyl-2,4-pentanedio1 
Methylstyrene. A- 
Fionoethanolamine 
Phenol
Pheny1-2-propanol,2-
Propylbenzenc,N-
Styrene
Te t rac h lor oetliy lone

4
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SHCTION 3 
DATA /TVAi.YSlS

The csct-.aced response fnctors .it 10,000 ppniv lor tlie OVA end TLV u-erc' 
calculated as Collo--'s: A classical least squ.-rcs line u'ns fitted to the

actual concentrations and instrument response readings on a iogaritlimic scale. 
Tne logarithn of ti'.c actual conccntr.ation .it response log 10.000 '-•as then com­

puted by solving the equation -using the fitted p.iramctcrs. me result was 
than tr.insforiaed to the data scale and divided by 10,000 to yield the desired 
response factor. A 95 percent confidence interval '-'as computed follo-.-ing 
Brownlee (1965). The results are presented in Table 2-1.

In some cases Brownlee's (1965) confidence interval gives indeterminate 
values. This generally is due to a regression line that is flat relative to 
the observed error or to other data problems. Response factors estimated by 
an inverse regression were generally agreeable to the method described above. 
In chose cases where the confidence interval •-•as indeterminate, the inverse 
regression estimate and confidence interval were computed as an alternate. 
Th.csc inverse estimates arc indicated in Table 2-1 by an explanatory code "1”.

3.1 Classical Estimation of Response Factors

Let c be the actual concentration of the selected ch-emical end r. be 
i ^

the corresponding instrument response for i = !,..., n observations. Con­

sider then the transformed variates

'i

>;. = Inc.

li j|

\m

i ^

1
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■nnd Clio relationship

>•, - n + fix. + c (1)

uhcrc 1-S a random error of mcnsurcmcnc. Lot a .ind !i 1:0 Che classic.il 
lea:;c squares cstln-.iccs of ci and B, rcspccc Ivoly.

Nov, suppose that at some unknovu

In 10.000 - a + u>:

Then estimate >; by o

?; = (In 10,000 - a)./!>
°1

and estimate the actual concentration correspond in.q to 10,000 pptnv observed 

in.struraent response by

c = exp(x ).
Ol Ol

A confidence interval based on classical least squares esti.oiacion is 

derived by Brovnlee (1965):

CL, = X +
k ,2 ^ ,2^2

b(6 - a)
b' - t.^sV ^(x. - >:)' b’ - t‘s’/ - >0'

(0 - a)'

M
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where k - 1,2
c, - +c -.nd t, - -c. -Ith t bclnr. cl,o tnbulnr v.,luc Cor 95 pcrccnr 

confidence fro:, stodenr-p i-d i scr ibuclon virh n-2 degrees of 

freedom,
s' - ay, - y.)/(n-2), win. y. " n - bx., nnd

0 - In 10.000 (in 3ro---nlee. this is the oenn of r. observed 
responses. Here, the de.sircd response Is cx;.ct, so 

r; - “ and 1/n; -0).

Tha »..« CL. pt..i.i.» S.C .»-=L •"'<■ 0-, Lrp« il=n.

L1,L„ 1L.UL «>PL-.Ld lo S.L ,.Pd .I.C.. LL,.0»0:.--.P.P.l

into the data scale.

3.2 Inverse F.scia-.ation of Response racenrs

L.t X. and y, be as described above except that the inverse model 

relationship

X, - 6 + vy. ^ a

is fitted by least squares. Let d and 5 be the estimates of o and 7.

rcspcetively. The.n i'-

V = 0 + 'fir. 10,000 
o

esciiT.atc by

o:
d ivlp. 10.000.

sm
Rfc
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Assuming normality of the errors C^,

c ' e:<p(x + I ) 
07 02 r

Is an approximately unhlnsct' estimate of

c - <:xp(x ) 
o o

where s’ is the estimated variance of the C..

O)

confidence
interval for x can be computed by the usual method;

=o, = =• <«o -

where t is the 95 percent confidence level tabular value from Student's^ 
t-distribution with n-2 degrees of freedom. The confidence limits for c^^ 
are computed by applying the transformation of (3) to these limits for x^.

3.3 Discussion

Both of the models (1) and (2) cannot be correct simultanecusiy. If 
the model (2) is correct for the data, then the second or inverse approach 
is appropriate. however, if the model (1) is correct, then both apprcad,es 
produce biased estimates. Generally speaking, the bias of the classical 
ectnod will be s.-.aller since it is a consistent estimator (bias reduces to 
zero as sample sire increases without bound). The variance, however, may 

tend to be larger.

The model (1) appears to best approxim:.tc the data coliected for this 
study. The classical approach was used as the primary method in this report

11
!
i
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because of fes consistency and reputed superiority In cstrnpointIon. The 
properties of the data for nose of the chemicals arc such that the tu-o 
approaches arc virtually equivalent. A comparison of computed values con­

firmed tills hypothesis.

*

*



mmrnsmm

m

'm =
\ j

M

SIXTIOK i 
UTICKATURi; KEVIBO

The scaeisclcel iltcr.ncurc is clear on ho-, co osclr-.co y for a given x 

e-hen y and x arc related by

y = ti + G>;

and y is subject to error. There l.as been much disagrcc:r.cnt on hoe- to 
cstinatc an unkne-T. x given an observed value -if y in tiic saac situation. 
For many years it ‘--as universally assuned that the unkno-an x should bo 
solved for using ciie usual parameter estimates. Some h.sve suggested chat 
the parameters be fitted by an inverse on y‘= regression and the unknown 
X estimated directly. Tl\crc has been considerable controversy over this 
and some classic assumptions have proven unfounded.

The properties of Che two estimates are summarized in the following 

table:

Property

Bias
Assymptotic Bias 
Variance

—Under Normality 
--Truncated Nor.T.ality 

Q-jality ns Estimator
--'..'.ill determined line 
--Interpolation ---itii ill 

determined line 
--Extrapolation

Classic Inverse
(y on x) on y)

Biased Biased
Consistent Inconsistent

Infinite Finite
I.argc but Finite Fin i te

Both good and equivalent

Poor Good
Good Poor

’mmsm Siisiifiiai



mm
In this study, >:iony of rlic needed cstlmntcs ;irc extropol.it 1 ons Just lieyoiid 
the end of the ovoll.ible dot.i. Mnny of the lines ore foirly ueli dctcrinlncd. 
Tlius, it is not completely clear chlcli cstlraoto is truly best here, but they 
ore likely to be nearly equlv.ilent. For this study, t!:c classic estimator 
is used except in eases •-•here it is clearly not a|ipropriate. The inverse 
estimator is used for tliesc cases.

Tiic folloc-ing is a summary of the literature examined on tliis subject;

The relationship betuecn tvo variables y -and x can often be expressed 
as a simple linear function. If the uari.ible x takes on fixed values x^ 
for vhich responses are measured, the relationship is usually expressed 
as the linear regression model

y^ = a -F ex. -5- c. 1. -

•-•here the arc random errors and n is die number of observed pairs 
(Xi, y^). It is usually assumed that tlic arc independent and identically 
distributed, and furthermore, that they arc distributed according to a 
normal distribution with mean 0 and variance O'.

It is well ’xnown that the usual least squares estimates of a and 6 
in (1) are Best Linear Unbiased Estimators (SLUE), •-•here ''Best’' means 
"smallest variance". Estimates of - a i" S:-;,- based on the least squares 
estimates of a and £ arc also BLUE. Under the assumption of normality of 
errors, these estimates arc also ma;<imum iikcli'nood estimates. Tii-e least 
squares estimators h.ivc many other useful and benefici.il properties.

Here we muse consider .-i slightly different problem, known as the

Calibration Problem. in addition to :lic responses y . on kno'.^n , there
1 1-

1I
I
i
I

i
1il
!| 

i« 

ii
arc furciicr responses z. correspondinr co an u;:V:nown . ilu: CMLcnocd

■i*ia
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rue proble-, here Is co provi-ie po;:-.c r.u<! lurcrvul cs: iin.iccs for r.nrhcr 

than to estimate y.,u , or fi.

Tlie above discussion closely folio--:; Kalo-ray (lO.'l).

At least since r.isenh.art (1935) tbc- accepted solution has been to 
estimate the unhnoun x by inverti:ij; the least scuarcs estimates from (2):

oherc z is the mean o'f fue z^ in (3) and a and b arc the least squares 
estimates of a and S respectively. Tlris is referred to as the "classical-

estimator.

Krutchkoff (1967. 1969) chaiicnged this approacii by claiming that a 
superior estimate could be had by inverting the regression variables; that 
is, compute the least squares estimates of 0 and V from the moocl

•K. = C -5- V i-j, -5-

and estimating the unkno-..-n directly by

X = d + g 7. O’

u-licrc d and g are the least scua res estimates of v and respect ivery.

m
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Tills Is referred CO ns rlie "Inverse" cstlm.icor. Krucclikoff linsed Ms 
nsscrtlon not on roaclieraaclcal r.t.it 1st lea 1 properties line on Monte CnrLo 
slmulntlons.

After Kru tcli'/.of f' s results .-.ppc.ircd there --ns a flurry of react ion .

Williams (1969) reported that If normality of errors --as ar somed, then the

classical estimator x has infinite variance. He shooed further that no 
Ol

unbiased estimate of -x oould have finite vari.-.nce under tliis condition and 
o

that the Inverse estimator is hiaHCd. On this basis he recommends the
07

classical estimator.

Berkson (1969) shooed that the Inverse estimator has a nmallcr

Mean Square Error (MSE) than the classical est l.-r.-'.ror ohen is in the

neighborhood of x, the niean of the Xj^'s. llouevcr, if is not near x then

the classical estimator h.as lower MSE. Kurthermore, the inverse cstlinator 
is not only biased for finite n b.it Is inconsistent: 11.c bias does not 
reduce to zero as n increases without hound. 0:i tliis basis ne also recom­

mends Che classical estimator. Harcincllc (1970), looking at relative 
efficiency, agrees with Berkson. Sow (1970) agrees with Martinclle on tlic 

same basis.

Hoadiy (1970) rcaffina-s that the classical estimator has infinite 
variance if normality >'s assumed. It m.ay also have infinite confidence 
intervals. He then proposes .an altcrn.ativc solution basoa on uayesian 
methods.

Williams (1969) had suggested that an MSE comparison was inappropriate 
sJr.ee under normality the classical estimator always has infinite MSE so .'.ny 
finite MSE estimate could beat it, including .any constant vali;c. To avoid 
this Halpcrin (1970) compares the two .ipproaci.es based on Pieman's closeness 
criterion. He si.owed that the inverse estimator was superior i.n the 
neighborhood of x. However, he believes char ti.c neighborhood wi-.erc tiic 
inverse estimator is superior is too small to rccom.i.cnd tt over tiie

iiSi



classical estimator.

Krutclikoff (1970, 1971 , 1972) defended Ills point of view primarily 
with Monte Carlo simulations. Ills results Indicate that the Inverse 
estimator Is better by t!ie closeness criterion wiien is ne.ar 'Inc

classical estimator Is better futtiier cat from x.

Halatay (1971), recognlzin;; that the classical estimator iias certain 
unsatisfactory properties, proposes an alternative estimator which he 
compares to Hoaclcy's (1970) havesian estimator. Kalotay's structural 
solution to the problem is not practical for any but very small s.amplc 
sizes. He points out that u.ndcr certain conditions ills cstim.ntor reducc.s 

the inverse estimator.

Shukla (1972) developed approximate formulas Cor bias, variance, and 
MSE of boch classical and inverse csti.r.ntors. He sliows that both are 
biased but that the classical estimator is assympeoticaily unbiased, unlike 
the inverse estimator. However, both biases reduce to zero when the unknown 
X is at the mean of the Using the optimal design for the classical

estimator, the inverse estimator has smaller MSE than the classical estima­

tor in the range of the x^. Nevertheless, Shukla (1972) recommends the 
classical estimator for its bias properties.

Earlier critics of the inverse estimator rejected it because it is not 
only biased but inconsistent. Tne classical estimates for ft. S, and y, arc- 
unbiased but it was not proven that th-e classical estimator is unbiased

for X . N'aszodi (197S) shows that the classical estimator is also biased.
o

Furthermore, if normality is assumed, it has no expectation.

Naszodi (1978) points out that in practical problems, perfect normality 
rarely exists. in fact, even wh.en data errors :irc normal, extreme v.tIucs 
will generally be discarded. Thus, in rcalif, the distribution is a 
truncated no'.m.ai. in any case, Naszodi (1978) gives a new estimator

21
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Involving an approximate bias correction for the classical estimator.
Based on a simulation, all three estimators appear tc have about the same 
MSa oltli the inverse estimator having the loocst and tlie classical the 

hIghcst.

Brovn (1979) points out that the objectives of tlic estimation in (1) 
and in tiie calibration problem (2) and (3) are different. Tliere is no 
argument that the cia.sslcal approach is ''best” for estimating a and E. In 
the calibration problem, the objective is the estimation of the unknown x^.

Brown's (1979) initial approncli Is to find the minimum liSE linear

ost'mator of . i'.e sh.ows, however, that the M.Sk of a line.ar estimator 
odepends on x . To cope with this lie proposes an unspecified distribution

of future X 's to be estimated. After integrating the MSE over tills distri- 
obution, a new minimum integrated MSE estimator (IMSE) is obtained.

Brown (1979) docs not propose his minimum IHSE estimator for general

use, although he notes chat it could be used in some cases. He uses it as

a benchmark to compare the classical -and inverse estimators. iJlien th.e

regression line is well determined by the data, the two estimators arc
virtually equivalent. Mien the regression line is ill determined, the
classical estimator is very bad. The inverse estimator will be very good

if the mean of the calibration sample x is near tlic expected value of the

future unknown x 's. if the range of future x 's is large relative .tc tlic 
O O

range of the calibration x.'s, then the inverse estimator is very bad while 
th.e classical estimator is ver>' good.

pae previous discussion applies to point estimates. Much less is 
said about interval estimates for confidence intervals. Williams (1969) 
suggests that the f-o point estimators should be compared on the basis of 
confidence intervals. Shulka (1972), referring to this, states that it is 
not clear how a confidence interval can be constructed for the classical 
estimate. Tlie usual method of estimating .a confidence interval for a

mgm
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predicted response r,ny be applied in reverse to give n confidence interval 

for the Inverse cstln.Ttor.

D-ou^Ucc (1965) r,ivcs n confidence tntorvnl b05:cd on the cl.'issicnl 
cstln.atlon acthod. Nasr.odi (197S) refers to this interv;,l uithoet co,na.ent. 
Hoadlcy (1970) conimcnts fn.it a confidence interval for tae classical 
estimator nay be infinite. Troot .and Svallov (1971) describe Scheffe 
confidence bounds for Individual observations. They then derive uniform 

confidence bands over .a specified range of

1
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Width of boiling range us in a petroleum fraction appears to have 
little effect on the change of boiling point with pressure.*' lohereaUy, 
the true-boiling-point type of distillation curve should correlate moet 
exactly because it consists of the boiling points of nearly pure materials as 
they distill one by one. The equilibrium flash vaporization curves 
illustrate the other extreme type of distillation curve, and corrections of 
this curve from one pressure to another should not be exactly the same 
as the correQtion for fractionating distillations. Nevertheless, a large 
difference does not seem to exist between these two extremes of boiling- 
point corrections, nor does the slope of the distillation curve seem to alter 
the vapor-pressure or boiling-point corrections to a great extent.

Piromoov and Bciswengcr'® find that the slopes of flash-vaporization 
curves arc practically independent of pressure, so that the correction of 
the boiling point or flash-vaporization point is a constant number of 
degrees throughout the entire curve. They suggest that the correction 
should be determined by correcting the intersection point between the 
true-boiling-point curve and the flash-vaporization curve by the vapor- 
pressure data of the paraffin hydrocarbons. The intersection point is 
used because the truc-boiling-point curve and the flash-vaporization 
curve intersect at approximately the same percentage point regardless of 
pressure.

Edmister, Reidel, and Mervin" have determined flash-vaporization 
curves on three oils up to pressures of 200 psia. They find that the higher 
the pressure the flatter the vaporization curve, and hence the curves at 
high.pressures should not be drawn parallel to the atmospheric-pressure 
curve. Obviously, the flash curve should be horizontal at the critical 
pressure, and hence the slope of the flash curve will be flatter and flatter 
as the pressure is increased. They find that the 50 per cent atmospheric 
boiling point should be corrected to the new pressure by using the vapor- 
pressure relationship of the paraffin hydrocarbons (Fig. 5-27). In prac­
tical design computations it is common practice to convert to the new 
pressure by using any convenient point on the atmospheric flash-vaporiza­
tion curve. Refer also to Figs. 4-22 and 15-13.

Compression or Expansion. When gases or vapors are expanded or 
compressed under adiabatic conditions, the amount of work done and the 
amount of heat required are dependent upon the ratio of the specific heat 
at constant pressure to the specific heat at constant volume. The expan­
sion of a gas can always be expressed by an equation of the form

” Nclaon and Hallenborgcr, Oil Gat 7., Juno 11, p. 38, and June 18, p. ^0, IWi 
Equilibrium Vaporization of Oils and the Carrying EEfecta of Light Ends, AJ‘1 

Bull. 10, no. 2, SCO. II, p. 62, 1929.
" Equilibrium Flash Vaporization of Throe Petroleum Fractions, Traru.

39, 457 (1943).
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API Gravity and Specific Gravity. Speeilic gravity and API (Ameri­
can Petroleum Institute) gravity are expression.s of the density or weight 
of a unit volume of material. The specific gravity is the ratio of the 
weight of a unit volume of oil to the weight of the same volume of waUr 
at a standard temperature. Unless otherwise stated, bpth specific gravity 
and API gravity refer to these constants at 60°F. An exception is the 
use of 77°P (25‘’C) in connection with asphalts and road oils.

Deg, API 141.5 
sp gr

141.5
- l.'jl.5 or sp gr - (3-1)

Corresponding values of API gravity (0 to 100), specific gravity and 
pounds per gallon are given in Appendix A, as well as pounds per barrel,
barrels or cubic motors per long ton, etc.

The Baumd scale of gravity for liquids lighter than water, u^d previ­
ously by the industry, differs slightly from API gravity by the use of 
constants of 140 and 130 rather than 141,5 and 131.5.

Specific gravity or API gravity is measured by means of hydrometers 
(D287), pycnometers' (D941 and D1217), or the chainomatic specific- 
gravity balance if very many small samples (15 cc) must be Usted. For 
viscous oils or semiaolid bitumens, a pycnometer (D70) or weighing bottle 
may be used, for solids an analytical balance (D71) equipped with a pan

Most products are sold on a basis of volume delivered corrected to 
60“F by means of standard tables of volume corrections.* Weight is 
important in determining freight rates, tanker cargoes, and the power 
required in pumping. Gravity or weight determines whether a product 
will sink or float in water or will separate from water. In other respects 
gravity is not of much direct significance, but the test is so simple and so 
widely used that it assumes importance as a moans of judging many other 
properties and in controlling plant operations. Gravity. requirements 
should usually be avoided in specifications.

Vapor Pressure (Reid). This test (D323)' is used for volatile non- 
viscous products such as motor gasoline and, by using a special sampling 
procedure, for natural gasoline of 26 lb or more vapor pressure. A 
modified equipment and procedure* is used for liquefied petroleum gases 
(L.P.G.). These tests are conducted at lOO'F. The ASTM vapor pres­
sure is reported as pounds per square inch absolute pressure, whereas the 
L.P.G. vapor pressure is gauge pressure. The true vapor pressure is 
higher than the Reid vapor pressure by about 5 to 9 per cent (page 136), 
but this relationship varies widely.

‘ A8TM-IP Potrolovini Mcasurcitiunl Tiiblca, 1052.
'CaUlornia Natural Gasolino Association, Los Angelos, Colif., Tentative Sundaid 

Methods of Tost for Liquo6od Petroleum Gases, Bull. T.S. 441, 1045.

V J
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General Processing. The most important method of separating 
petroleum products is clistillal.ioii, and heiu;(! the products sliould be com­
pared with one another in the order of their boiling ranges. A mixed-base 
oil might yield products us indicated in I'ig. 6-1. Figure 6-2 likewise 
indicates the relation among the raw materials, the intermediate refinery
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stocks, and the finished market-products. The dotted lines indicate 
products obtained by cracking. The products obtained by distillation 
are called "raw products," and most of them cannot be sold until they 
have been further refined.

Raw gasoline and raw naphtha arc often treated with chemical agents 
such as caustic sotia, copper chloride, or doctor solution. Much 
naphtha is now catulyiiaally reformed into high octane gasoline. Kero-

W..
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sene usually requires only a sweetening treatment; but for fine colore, 
acid treatment or filtration is used. Diesel fuels, distillate fuels, gas oil, 
and residual fuel oil are usually sold without treatment. Pressure 
distillate or cracked gasoline, obtained by cracking or-thermal decomposi­
tion (Fig. 6-2), is sweetened, and an inhibitor of gum formation is added. 
Natural gasoline, obtained from natural gas, usually requires only a 
sweetening treatment for the removal of hydrogen sulfide and mercaptan 
compounds.

Wax distillate, the raw stock for the manufacture of the light lubri­
cating oils or neutral oil-blending stocks, contains crystalline wax. The 
wax is removed by chilling the distillate and filtering the wax from the oil 
in filler presses. Two unfinished stocks, slack wax and pressed dislillaU, 
are obtained in the pressing operation. Neutral oils* are produced from 
the pressed distillate by distillation and subsequent filtration through 
fuller's earth. Crude scale is produced from slack wax by "swesting" 
or, in other words, by slowly warming the chilled slack wax so that the oil 
and low-nmlting i-iintoriaLs, which together arc called fools oil, melt and 
drain from the slack wax. Crude scale is slightly yellow in color, and this 
coloration may be removed by treatment with acid or caustic or by 
filtering the melted wax through clay. Cylinder stock is another wax­
bearing product, but the wax is such that it cannot be filtered from the oO 
in wax presses. This so-called "amorphous wax” or pelrolaium siocJc 
may be removed by dissolving the oil in naphtha, filtering the solution 
to a proper color through fuller's earth, and centrifuging the chilled solu­
tion in high-speed centrifuges. The products from this separation are 
solutions of bright slock and pelrolaium. The naphtha is removed from 
the solutions by distillation, leaving finished bright slock and petrolatum.

Since 1935, the dewaxing processes described above are being replaced 
by the use of solvents such as methyl ethyl ketone for dewaxing both wax 
distillate and cylinder stock. Likewise, lubricating oils (light or heavy) 
are being treated with furfural, phenol, etc,, for the removal of the low 
Viscosity Index portions. Figure 11-1 shows the relation of solvent refin­
ing to the general processing outlined in this chapter.

Cracking. Materials such as cracking-slill gas, pressure dislillaU, 
cracked gas oil, and pressure-slill tar are products of cracking. By crack­
ing we refer to the decomposition of heavy or high-boiling oils by exposure 
to extreme temperature. At temperatures exceeding about 680'F mate­
rials such as gas oil, fuel oil, and tars are decomposed into (1) gas, (2)

* The uculral oils are often referred to os pale or red oils. In the past it was lhou*bt 
that part of the wax distillate had to bo cracked to produce a preasable material, and 
the neutrals from the cracked distillate, being a deep-red color, were called "red oils. 
The terms have now lost'thcir original aigniGcancc, and the term "red oil" ia usually 
reserved for any neutral oil that is darker than 3NPA.
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Sensitive Stocks, Although the boiling range of a stock is an impor- 
innf factor the scnsitivenc.ss of the stock to high temperatures must also 
bo considered. All stocks start to decompose at about GSO®!', yielding 
lower boiling products, but oven lower temperatures may cause discolora­
tion In distilling crude oil a slight discoloration of the products (except 
kerosene) is not important because most of the products receive chernical 
treatment before they are sold. Likewise, discoloration is not important 
in the distillation of a reduced crude oil for the production of a gas-oil 
cracking stock or for the production of asphalt. However, in disUlhng 
treated pressure distillate, prcs.scd distillate, or bright stock solution, a 
discoloration during distillation cannot be allowed because such products 
are substantially ready for marketing. If treatment follows these 
distillations, then the cost of the treatment will be increased by the

discoloration. , ; i
High temperatures also result in a loss of heavy lubncating-oil stock.

The yield of lubricating oils is often decreased by 10 to 15 per cent by the 
use of too high temperatures. A mild dccompo.sition takes place in which 
light lubricaliiig oil and gas oil are produced from the heavy stocks.

T.MII.K 7-1. V,<,l'OIlllKU TiLVI'KIUTUIUSS
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I'rcatcd pri's.surc dl.sl.illate is particularly sensitive to high temperatures. 
Ucdistillation should not be conducted at tcni])cratures exceeding 375 F, 
and many refiners find that a maximum tem]^erature of 275°I‘ is economi­
cal because of the reduction in ti'cating costs.

In the manufacture of asphalt, most rcfinei'S limit the temperature to 
770°F. Ne\'crtheless, the temperature that may be used without ruining 
the ductility of the product i.s greatly dcpenclent upon the characteristics 
of the stoc'' -'nd upon the manner of heating. One refiner has successfully 
used a crature of 835M' at the pipcstill outlet, but others have
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found that 770“F was too high. If the stock is held at 835“F for more 
than a few minutes, extensive cracking will occur, and the operation wdl 
become a cracking process. Thus the temp6ratur.e that can be attwned 
without serious decomposition is dependent to some extent upon the time. 
Although a lubricating-oil stock can be heated to 710 or even 740 F in a 
low-absorption-rate pipestill heater, this same temperature, i maintain^ 
in a shellstill, will cause serious losses in yield and a discoloration, the 
removal of which may necessitate a costly chemical treatment.

Arrangement of Towers, In separating a aeries of produc^ from a 
charge stock, three main tower arrangements are employed. Heavy-oil 
stocks, such as crude oil, arc usually separated in a single tower, os indi­
cated in Fig. 7-7. In such a system the feed enters somewhat low in the 
column, the lowest-boiling product issues from the top as a vapor and 
the heavier di.stillcd products arc withdrawn from the side of the column. 
The small towerlike equipment shown in the center of Fig. - is no a 
fractionating tower. It is a scries of three steam strippers wt one above 
another. The sy,slem of Fig, 7-7 is unsatisfactory for producing highly 
pure products such as pure hydrocarbons because the bghter pr^ucts 
pass the withdrawal trays of the heavier products as they proc^ from 
the feed plate to the top. For precise separations a senM of towers 
(one tower less than the number of products) as shown in Fig, 7-2o or b 
is often employed. In Fig. 7-2a the lowest boiling product is vaponaed 
in tower No. 1 by rcboilcr heat at the bottom of tower No. 1, and_ suo- 
cesaively higher and higher boiling materials are removed in the remaini^ 
six towers. The feed is pumped from tower to tower, each tower is cooled 
by refluxing a part of the overhead product into the top of the lower, and 
the bottom of each tower is heated by steam or a hot circulating ofl by 
means of reboilers. Successive fractional condensation is practiced in 
Fig 7-26 Hero an almost completely vaporized stock is cooled in tower 
No,' 1 to condense the highest-boiling product, and successively lower-boil­
ing products are condensed in the remaining six towers. The novel but 
little used Brugma' arrangement of towers shown in Fig. 7-2c employs 
only three towers, but the total length of the three towers is about 
the same as the length of the seven towers in Fig. 7-2o and 6. Obvnoualy, 
many combinations of these tower arrangements are possible, as m

Fig. 7-8. . , . ,More material can be vaporized (at a given temperature) by a sing e 
flash vaporization than by several flashes, and hence the use of a single 
multidraw tower (Fig, 7-7) is better in this respect than the senes arrange­
ments of Fig.' 7-2a and 6. Refer to Chap. 15 for a mathematical dis­
cussion of methods of vaporization. _ . »

Steam Stripping. Steam is used to raise the flash point of most of toe 
heavy-oil products withdrawn from the side of multidraw towers and for 

' Rc/. Nat, Oaio. Mfr., Scplcrabcr, 1041, p. 80.
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SKTN^Mt!^ nncA-n PRODUCT TESTING LIQUID IS PRACTICALLY NONIRRITATING TO THE EYES.

essentially similar PRODUCT TESTING LIQUID IS PRESUMED TO BE .MODERATELY
SKIN UH^CH MAY repeated LIQUID CONTACT CAN RESULT IN DEFATTING AND DRYING OF THE
SKIN WHICH MAY RESULT IN SEVERE IRRITATION AND DERM.ATITIS. MAY CAUSE MILD SKIN SENC' TIZATION RFf FASF 
during HIGH PRESSURE USAGE MAY RESULT IN INJECTION OF OIL INTO THE Lit) CAUSING L0C3L NECROSIS 
INHALATION: INHAIJ^TION OF VAPORS OR MIST MAY CAUSE MILD IRRITATION TO THE UPPER RESPIRAT'-.RY TRACT HIGH 
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INFORMATION: REPEATED DERMAL APPLICJ\TION OF HIGH LEVELS OF MIDDLE DISTILLATE FUELS IN 

animals HAS PRODUCED EXTREMELY SEVERE IRRITATION TO CORROSIVE ACTION ON THE SKIN VARYING 
WERE NOTED IN THESE STUDIES. INCLUDING CONGESTION. ENLARGEMEN^^^ 

MOTTLING. AND MULTIFOCAL NECROSIS. MIDDLE DISTILLATE FUELS HAVE BEEN DEMONSTRATED TO CIAUSE CHROMOSOMF 
DAMAGE IN THE IN VIVO RAT BONE MARROW CYTOGENETICS ASSAY. AND MUTAGENIC IN THE LS178Y LYMPHOMA ASSAY.

OCCUPATIONAL EXPOSURE LIMITS
NO OSHA PEL OR .ACGIH TLV HAS BEEN ESTABLISHED.

EMERGENCY AND FIRST AID PROCEDURES
INHSSMEi remove VICTIM TO FRESH AIR AND PROVIDE OXYGEN IF BREATHING IS DIFFICULT GET MEDICAL

flush EYES WITH WATER. IF IRRITATION OCCURS. GET MEDI^^A^l'EN^ON SKl^^

CLOTHING/SHOES AND WIPE EXCESS FROM SKIN. FLUSH SKIN WITH W.ATER FOLLOW BY 
WASHING WITH SOAP AND WATER. IF IRRITATION OCCURS. GET MEDICAL ATTENTION DO NOT REUSE CLOTHING UNTTr 
D^^CF^'do^'nJI^^Wa^t^p^^ injected under the SKIN. GET MEDICAL ATTENTION PROMPTLY TO PREVENT SERIOUS 
DAMAGE; DO NOT WAIT FOR SYMPTOMS TO DEVELOP. INOESTIONS DO NOT INDUCE VOMITING IF VOMITING OCCURS™ PHRVENT-KsPIRATION of liquid LTr^HfLUNcLl^ MEDI^?^
ATTENTION. NOTE TO PHYSICIAN: IF MORE THAN 2.0 ML PER KG HAS BEEN INGE:STED AND VOMITING HAS NOT 
OCCURRED. EMESIS SHOULD BE INDUCED WITH SUPERVISION. KEEP VICTIM'S HEAD BELOW HIPS TO PREVENT 
ASPIRATION. IF SYMPTOMS SUCH AS LOSS OF GAG REFLEX. CONVULSIONS OR UNCONSCIOUSNESS OCCUR BEFORE EMFSIS 
GASTRIC LAVAGE USING A CUFFED ENDOTRACHEAL TUBE SHOULD BE CONSIDERED. OCCUk BEFORE EMESIS.

PHYSICAL DATA i
(H2o"fovT876f^^5n:r.r;p"“ MELTING P(«N7y(DEGREES.;M):; NOT AVAILABLE SPECIFIC GRAVITY

^ VOLATILE BY.VOLUME; NOT AVAILABLE SOLUBITITY; IN WATER: NEGLIGIBLE" EVAPORATION RATE
APPFlL«c^3Nn'nnAp ^''^IL^BLE VAPOR: PRESSUREli?4 MERCURY) : NOT AVAILABLE VAPOR DENSITY (AIR = l Oy- <1 
APPEARANCE;AND .ODOR: YELLOW LIQUID; STRONG HYDROC!|RBON ODOR i-U). <1

FIRE AND EXPLOSION HAZARDS
FLA'SHJPOIUt 7V;d METHQD.-.USED:. 130 DEG F (PMCC) MIN. FIAMMaI^LE LIMITS /.% VOLUME IN AIR - .a-pfr - n/a 
LOWER: N/A EXTINGUISHlNG|MroiA? USE WATER FOG. FOAM. DRY CHEMICTM OR C02. DO NOT USE A dLreCT STREAM OF
WATER. PRODUCT WILL FLOAT AND CAN BE REIGNITED ON SURFACE -------- STREAM OF
CAUTION. COMBUSTIBLE. DO NOT ENTER CONFINED FIRE :;PACE WIT
SHIELD. BUNKER COATS. GLOVES AND RUBBER BOOTS). INCLUDING \ ruaxiivt PKESSUh
SELF-CONTAINED BREATHING APPARATUS. COOL FIRE EXPOSED CON-felNERS WITH WATER. IN THE CASE OF I arcf Fropo 
ALSO COOL SURROUNDING EQUIPMENT AND STRUCTURES WETH WATER UNUSUAL r FIRE AND'EXPLOSION HAZARD^ '
CONTAINERS EXPOSED TO INTENSE HEAT FR(3M FIRES SHCWLD BE cfOLm wiTH WAT^ TO PREVENT VAPOX PRESSURE 
BUILDUP WHICH COULD RESULT IN CONTAINER RUPTURE. CONTAIN^ AREAS EXPOSED TO DIRECT FLAME CONTACT Si™.r n 
BE COOLED WITH LARGE QUANTITIES OF WATER AS NEEDip TO PR^ENt WEAKENING OF CONTAINER STRUCTURE

- -- - -------------------- .W* bTKtAM ()F WATER. SPECIAL ■fIRE:.FICHTINa PROCEDURES- 
1 lOUT FULL BUNKER GEAR (HELMET WITH FACE 

POSITIVE PRESSURE NIOSH APPROVED

/
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MATERIAL SAFETY DATA SHEET 

KEROSENE 1-K (TAG)
MSDS# 012002101

ORDERS 99314 CUSTONER: CHEMICAL PROCESSORS, W/C PLANT, TACOMA, WA, 98421 

HAZARD RATINGS / EMERGENCY (4 = EXTREME)
‘ HEALTH:: SLIGHT (1) * FIRE; MODERATE (2) * REACTIVITY;: LEAST (0) * 24;;:HpUR EMERGENCY ASSISTANCE; 
LILYBLAD PETROLEUM 206-572-4402 TACOMA, WASHINGTON DISTRIBUTOR CHEMICAL-:FAMILY: DIESEL FUEL

INGREDIENT COMPOSITION
100% - KEROSENE 1-K (TAC) (ORAL LD50: SIMILAR PRODUCT >25 G/KG (RAT): PRACTICALLY NON-TOXIC DERMAL
LD50: SIMILAR PRODUCT >3 G/KG (RABBIT); PRACTICALLY NON-TOXIC SKIN; SIMILAR PRODUCT 0.5-3.0/8.0 
(RABBIT); SLIGHTLY IRRITATING EYES; SIMILAR PRODUCT 15-25/110 (RABBIT; SLIGHTLY IRRITATING)

HEALTH INFORMATION
EFFECTS OF EXPOSURE: EYES: CAUSES SLIGHT-MODERATE EYE IRRITATION. SKIN; BELIEVED TO BE SLIGHTLY 
IRRITATING WITH POSSIBLE REDNESS. EDEMA OR DRYING OF THE SKIN. MAY CAUSE DERMATITIS ON PROLONGED OR 
REPEATED CONTACT. RESPIRATORY SYSTEM; MAY CAUSE SYMPTOMS OF DROWSINESS OR NARCOSIS FROM INHALATION OF 
HIGH VAPOR CONCENTRATIONS. SEE ADDITIONAL COMMENTS, SECTION 11,

OCCUPATIONAL
NONE ESTABLISHED.

EXPOSURE LIMITS

EMERGENCY AND FIRST AID PROCEDURES
ISSSSAISS®:: should symptoms noted under health information (sec. 3) occur, remove to fresh air if 

PNEUMONIA.

PHYSICAL DATA
515 SP£CIFIC,LGRAyi:ire.JH20;i/0JX 0.816 % VOLATILE BY VOLUME; NOT DETERMINED 

SOLUBITITY in,WATER;: NOT DETERMINED EV^OIWTION/RATET(BUTYi:;ACETATE=l)'f. NOT DETERMINED VAPOR PRESSURE 
(m MER(;URY) ; NOT DETERMINED VAPpR^DrasiT^>(AIR=lrONOT DETERMINED APPEARANCE AND' ODOR;' CL^' AND 
BRIGHT VISCOSITY........................................................  1.20 C$T 8 100 DEG F

FIRE AND EXPLOSION HAZARDS
LLASH:;pOINT;anP, METHOD USE^P/, 125 DEG F (TCC) FLAM^LElLIMITS /. % VOLUME: JN - AIR: UPPER; .58, LOWER; 4.45 
EXTINGUIS„H1N(I^MEPIA;£ ACCORDING TO THE NATIONAL FIRE PROTECTION. GUIDE 497 COMBUSTIBLE LIQUID FIRES MAY BE 
EXTINGUISHED BY WATER SPRAY, DRY <3IEMICAL, FOAM OR CARBON DIOXIDE. SP3E6imWFME*EI«EfPaiiiGVpS'0^^ USE
WATER TO KEEP FIRE-EXPOSED CONTAINERS COOL. IF A LEAK OR SPILL HAS fJSi^iaSTfDTBBrBBBS^sBSK?' TO 
DISPERSE THE VAPORS AND TO PROVIDE PROTECTION FOR PERSONS ATTEMPTING TO STOP THE LEAK. UNUSUAL'FIRE AND 
EXPLOSION HAZARDS: NONE.

REACTIVITY
fcpNDITIONSj^;MATERIALS/TO AVOIDS: THE MATERIAL REACTS 

VIOLENTLY WITH STRONG OXIDIZERS. MIDDLE DISTILLATES HAVE CAUSED SKIN CYmCER AND KIDNEY D.AMAGE IN 
LABOIRATORY ANIMALS. AVOID CANTACH' WITH EYES. KEEP AWAY FROM HEAT AND FLAI4E. USE ONLY IN WELL-VENTILATED 
LOCATIONS. AVOID PROLONGED BREATHING OF MIST OR VAPOR. AVOID PROLONGED OR REPEATED CONTACT WITH SKIN 
KEEP HEAD AWAY FROM CONTAINER WHEN OPENING OR DISPENSING. HAZARDOUS, DECOMPOSitiON;pRODUCTSa CARBON 
MONOXIDE AND CARBON DIOXIDE MAY BE FORMED ON BURNING IN LIMITED AIR SUPPLYr'^^' ' ™^^^^^^^.... “~-

EMPLOYEE PROTECTION
RESPIRATORY PROTECTION; SUPPLIED AIR RESPIR.ATORY PROTECTION FOR CLEANING LARGE SPILLS OR UPON ENTRY INTO 
LARGE TANKS, VESSELS, OR OTHER CONFINED SPACES. PROTECTIVE CLOTHING: EXPOSED EMPLOYEES SHOULD EXERCISE 
REASONABLE PERSONAL CLEANLINESS: THIS INCLUDES CLEANSING EXPOSED SKIN ARE2\S SEVERAL TIMES DAILY WITH 
SOAP AND WATER, AND LAUNDERING OR DRY CLEANING SOILED WORK CLOTHING AT LEAST WEEKLY. GLOVES IMPERVIOUS 
TO CHEMICALS AND PETROLEUM DISTILLATES RECOMMENDED. ADDITI0NAL::WRQTECTIVE:;;mEASURESY1 CHEMICAL TYPE 
GOGGLES OR FACE SHIELD OPTIONAL. NORMAL VENTIU^TION REQUIRED. WASH THOROUGHLY AFTER HANDLING.

ENVIRONMENTAL PROTECTION
SPILL OR LEAK PROCEDURES: VENTILATE AREA. AVOID BREATHING VAPOR. USE SELF-CONTAINED BREATHING APPARATUS 
OR SUPPLIED-AIR MASK FOR LARGE SPILLS IN CONFINED AREA. CONTAIN SPILL IF POSSIBLE. WIPE UP OR ABSORB ON 
SUITABLE MATERIAL AND SHOVEL UP. W^TE,;MS;roSADy RE-EVALUATION OF THE PRODUCTT MAY BE REQUIRED BY THE 
USER AT THE TIME OF DISPOSAL, SINCE THE PRODUCT USES, TRANSFORMATIONS. MIXTURES AND PRECESSES MAY CHANGE 
CLASSIFICATION TO NON-HAZARDOUS OR HAZARDOUS FOR REASONS OTHER THAN. OR IN ADDITION TO. IGNITABILITY. 
(SEE REMARKS FOR WASTE CLASSIFICV\TION BELOW.) ENVIRONMENTALiHAZARDS: WASTE CLASSIFICATION: PRODUCT (AS 
PRESENTLY CONSTITUTED) HAS THE RCRA CHARACTERISTIC: OF IGNITABILITY AND IF DISCARDED IN ITS PURCHASED 
FORM WOULD HAVE THE HAZARDOUS WASTE NUMBER DOOl.

SPECIAL PRECAUTIONS
CAUTION: MISUSE OF EMPTY CONTAINERS CAN BE HAZARDOUS. EMPTY CONTAINERS CAN BE HAZARDOUS IF USED TO STORE 
TOXIC. FLAMMABLE. OR REACTTIVE MATERIALS. CUTTING OR WELDING OF EMPTY CONTAINERS MIGHT CAUSE FIRE 
explosion OR TOXIC FUMES FROM RESIDUES. DO NOT PRESSURIZE OR EXPOSE TO OPEN FLAME OR HEAT. KEEP



MATERIAL SAFETY DATA SHEET
KEROSENE 1-K (TAG)
USDS# 012002101

ORDER# 99314 CUSTOMER: CHEMICAL PROCESSORS, W/C PLANT, TACOMA, WA, 98421

CONTAINER CLOSED AND DRUM BUNGS IN PLACE. STUDIES WITH LABORATORY ANIMALS HAVE SHOWN THAT MIDDLE 
DISTILLATES CAUSE SKIN CANCE3L AND KIDNEY DAMAGE. THIS PRODUCT IS NOT INTENDED FOR SPACE HEATERS.

TRANSPORTATION REQUIREMENTS
D.O.T. CIA.SSIFICATION(S) : COMBUSTIBLE LIQUID D.O.T. PROI'EIL SHIPPING NAME: FUEL OIL NO. 1. DOT HAZARD 
CLASS (IF APPLICABLE); COMBUSTIBLE LIQUID NA1993. OTHER:'REQUII(EMEilTS:: STORE AWAY FROM HEAT AND OPEN 
FLAME. PLACARD REQUIRED ONLY WHEN MATERIAL IS CONTAINED IN PACKAGING OR CONTAINER THAT EXCEEDS 110 
GALLONS OR IN TANK CAR OR TANK TRUCK. TRANSPORT. HANDLE AND STORE IN ACCORDANCE WITH OSHA REGULATION 
1910.106, AND APPLICABLE D.O.T. REGULATIONS.

OTHER REGULATORY CONTROLS
A COMPLEX MIXTURE OF ALIPHATIC. OLEFINIC. NAPHTHENIC AND AROMATICHYDROCARBONS. THE PRINCIPAL COMPONENTS 
ARE ALIPHATIC HYDROCARBONS RANGING FROM C-5 TO C-I6. WITH LESS THAN 20% BY VOLUME AROMATIC HYDROCABONS. 
THE BOILING POINT RANGE IS 310-54 0 DEG F. MAXIMUM BENZENE CONTENT IS 80 PPM. UPDATED; DECEMBER 16. 1985.

c
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MATERIAL SAFETY DATA SHEET 

ROTELLA OIL 30
MSDS» 015400301

ORDER# 10991 CUSTOMER: CHEMICAL PRO, W/C TC PLANT, TACOMA, WA 

HAZARD RATINGS / EMERGENCY (4 = EXTREME)
* HEALTH; SLIGHT (1) * FIRE: SLIGHT (1) * REACTIVITY;: LEAST (O) * 24 ;HOUR: EMERGENCY; ASSISTANCE: SHELL 
713-473-9461 CHEMTREC 800-424-9300 CHEMICAL SYNONYMS: LUBRICATING OIL CHEMICAL'FAMILY: HYDROCARBON SHELL 
CODE: 54003 CAS NUMBER; MIXTURE

INGREDIENT COMPOSITION
100^;:| - ROTELLA OIL 30 (NOT DETERMINED) 20^:70%; - SOLVENT REFINED HYDROTREATED HEAVY PARAFFINIC
DISTILLATE (CAS#: 64742-54-7) 0j:30%j - SEVERLY HYDROTREATED HEAVY NAPHTHENIC DISTILLATE (64742-52-5) 
0-30% - SOLVENT REFINED HYDROTREATED, ACID TREATED HEAVY NAPHTHENIC DIST. (64742-18-3) 0i:25%:; - SOLVENT
REFINED HYDROTREATED RESIDUAL OIL (64742-57-0) 5-10% - ADDITIVE CONTAINING ZINC DIALKYL DITHIOPHOSPHATE
(THE SPECIFIC CHEMICAL IDENTITY OR % IN COMPOSITION OF THIS COMPONENT IS CONSIDERED TRADE SECRET 
INFOPJ4ATION. ) <1% : - MINOR ADDITIVE (BASED UPON DATA AVAILABLE TO SHELL, THIS PRODUCT IS NOT HAZARDOUS 
UNDER OSHA HAZARD COMMUNICATION (29 CFR 1910.1200).)

HEALTH INFORMATION
THE HEALTH EFFECTS NOTED BELOW ARE CONSISTENT WITH REQUIREMENTS UNDER THE OSHA HAZARD COMMUNICATION 
STANDARD (29 CFR 1910.1200). EYE CONTACT: LUBRICATING OILS ARE GENERALLY CONSIDERED NO MORE THAN 
MINIMALLY IRRITATING TO THE EYES. SKIN CONTACT: LUBRICATING OILS ARE GENERALLY CONSIDERED NO MORE THAN 
MILDLY IRRITATING TO THE SKIN. PROLONGED AND REPEATED CONTACT MAY RESULT IN VARIOUS SKIN DISORDERS SUCH 
AS DERMATITIS, FOLLICULITIS OR OIL ACNE. INHALATION: INHALATION OF VAPOR (GENERATED AT HIGH TEMPERATURES 
ONLY) OR OIL FROM THIS PRODUCTT MAY RESULT IN MILD IRRITATION OF THE UPPER RESPIRATORY TRACT. INGESTION: 
LUBRICATING OILS ARE GENERALLY CONSIDERED NO MORE THAN SLIGHTLY TOXIC IF SWALLOWED. SIGNS AND SYI4PTOMS; 
IRRITATION AS NOTED ABOVE. AGGRAVATED MEDICAL CONDITIONS: PREEXISTING SKIN AND RESPIRATORY DISORDERS MAY 
BE AGGRAVATED BY EXPOSimE TO THIS PRODU(Tr. OTHER HEALTH EFFECTS: THE INTERNATIONAL AGENCY FOR RESEARCH 
ON CANCER HAS DETERMINED THERE IS SUFFICIENT EVIDENCE FOR THE CARCINOGENICITY IN EXPERIMENTAL ANIMALS OF 
USED MOTOR OILS. HANDLING PROCEDURES AND SAFETY PRECAUTIONS IN THE MSDS SHOULD BE FOLLOWED TO MINIMIZE 
EMPLOYEE'S EXPOSURE TO THE USED PRODUCT. ADDITIONAL HEALTH INFORMATION: SUPPLIER OF COMPONENT 6 REPORTS 
THE FOLLOWING: "EPA HAS BEEN NOTIFIED OF SUBSTANTIAL RISK REPORTS UNDER TSCA SECTION 8(E) ON ZINC 
DITHIOPHOSPHATES BASED ON RABBIT DERMAL STUDIES AND ON IN-VITRO MUTAGENIC STUDIES. STUDIE PERFORMED 
AFTER THE NOTIFICATION INDICATE THAT ZINC DITHIOPHOSPHATES DO NT APPEAR TO PRESENT A SIGNIFICANT HEALTH 
RISK WHEN PROPER HYGIENE AND PERSONAL PROTECTION PRECAUTIONS ARE FOLLOWED.-

OCCUPATIONAL EXPOSURE LIMITS
OIL.MIST. MINERAL: ACGIH-TLV/TWA - 5 MG/M3. ACGIH-TLV/STEL = 10 MG/M3. OSHA-PEL/TWA - 5 MG/M3.

EMERGENCY AND FIRST AID PROCEDURES
INHAIXTION;! REMOVE VICTIM TO FRESH AIR AND PROVIDE OXYGEN IF BREATHING IS DIFFICULT. GET MEDICAL 
ATTENTION. EY_EiCONTA(^;j5 FLUSH WITH WATER FOR 15 MINUTES WHILE HOLDING EYELIDS OPEN. GET MEDI(N\L 
ATTENTION. SKINlCONTA^’^ REMOVE CONTAMINATED CLOTHING AND WIPE EXCESS OFF. WASH WITH SOAP AND WATER OR A 
WATERLESS HAND CLEANER FOLLOWED BY SOAP AND WATER. IF IRRITATION OCCURS. GET MEDICAL ATTENTION.

DO NOT INDUCE VOMITING. IN GENERAL. NO TREATMENT IS NECESSARY UNLESS LARGE QUANTITIES OF 
PRObucrr are ingested, however, get MEDICY^L attention.* *N0TE to the physician: in GENERAL. EMESIS 
INDUCTION IS UNNECESSARY IN HIGH VISCOSITY, LOW VOLATILITY PRODUCTTS, I.E.. MOST OILS AND GREASES.

PHYSICAL DATA
BOILING,POINT (DEGREES, F,;)': NOT AVAILABLE MELTING:POINT (DEGREES F.),: -5 (POUR POINT) SPECIFIC'GRAVITY 
(H20 = 1.0): 0.89 % VOLATILE BY VOLWE:: NOT AVAILABLE SOLUBITITY IN WATER: NEGLIGIBLE EVAPORATION RATE 
(BUTYL ACETATE = 1): NOT AVAILABLE VAPOR PRESSURE, (MM MERCURY):, NOT AVAILABLE VAPOR:: DENSITY (AIR=1.0): NOT 
AVAILABLE APPEARANCE AND ODORl DARK AMBER OIL. SLIGH HYDROCARBON ODOR.

FIRE AND EXPLOSION HAZARDS
FLASH -POINT AND METHOD .USED:; 400 DEG F PMCC EXTINGUISHINC:::MEDIA:; USE WATER FOG. FOAM. DRY CHEMICAL OR 
C02. DO NOT USE A DIRECT STREAM OF WATER. PRODUCT WILL FLOAT AND CAN BE REIGNITED ON SURFACE OF WATER. 
SPECIAL-FIRE FIGHTING PROCEDURES: MATERIAL WILL NOT BURN UNLESS PREHEATED. DO NOT ENTER CONFINED 
FIRE-SPACE WITHOUT FULL BUNKER GEAR (HELMET WITH FACE SHIELD. BUNKER COATS. GLOVES AND RUBBER BOOTS). 
INCLUDING A POSITIVE-PRESSURE NIOSH-APPROVED SELF-CONTAINED BREATHING APPARATUS. COOL FIRE EXPOSED 
CONTAINERS WITH WATER. UNUSUAL FIRE, A.ND, EXPIDSION HAZARDS: NONE UNUSUAL

REACTIVITY
STABILITY;, STABLE HAZARDOUS;?I’QLYMERIZ;yi^ONS; WILL NOT OCCUR CONDITIONS “ANDTMATERIALS-TO AVOID:- AVOID 
HEAT. OPEN FLAMES AND OXIDIZING MATERIALS. HAZA^USlDECOMPOSITIONSPRODUCTSV THERMAL DECOMPOSITION 
PRODUCTS ARE HIGHLY DEPENDENT ON THE COMBUSTION CONDITIONS. A COMPLEX MIXTURE OF AIRBORNE SOLID. LIQUID. 
PARTICULATES AND GASES WILL EVOLVE WHEN THIS MATERIAL UNDERGOES PYROLYSIS OR COMBUSTION. CARBON MONOXIDE 
AND OTHER UNIDENTIFIED ORGANIC COMPOUNDS MAY BE FORMED UPON COMBUSTION.

EMPLOYEE PROTECTION
RESPIRATORY-PROTECTION:; IF EXPOSURE MAY OR DOES EXCEED OCCUPATIONAL EXPOSURE LIMITS (SEC. 4) USE A 
NIOSH-APPROVED RESPIRA'TOR TO PREVENT OVEREXPOSURE. IN ACCORD WITH 29 CFR 1910.134 USE EITHER AN
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MATERIAL SAFETY DATA SHEET
ROTELLA OIL 30
MSDS# 015400301

ORDERS 10991 CUSTOMER: CHEMICAL PRO, W/C TC PLANT, TACOMA, WA

ATMOSPHERE-SUPPLYING RESPIRATOR OR AN AIR-PURIFYING RESPIRATOR FOR ORGANIC VAPORS AND PARTICULATES. 
PROTECTIVE .CLOTHING:: WEAR CHEMICAL RESISTANT GLOVES AND OTHER PROTECTIVE CLOTHING AS REQUIRED TO 
MINIMIZE SKIN CONTACT. WEAR SAFETY GOGGLES TO AVOID EYE CONTACT. TEST DATA FROM PUBLISHED LITERATURE 
AND/OR GLOVE AND CLOTHING MANUFACTURERS INDICATE THE BEST PROTECTION IS PROVIDED BY NITRILE GLOVES.

ENVIRONMENTAL PROTECTION
SPILL OR LEAK PROCEDURES:: MAY BURN ALTHOUGH NOR READILY IGNITABLE. USE CAUTIOUS JUDGMENT WHEN CLEANING 
UP LARGE SPILLS. LARGE SPILLS: WEAR RESPIRATOR AND PROTECTIVE CLOTHING AS APPROPRIATE. SHUT OFF SOURCE 
OF LEAK IF SAFE TO DO SO. DIKE AND CONTAIN. REMOVE WITH VACUUM TRUCKS OR PUMP TO STORAGE SALVAGE 
VESSELS. SOAK UP RESIDUE WITH AN ABSORBENT SUCH AS CLAY. SAND. OR OTHER SUITABLE MATERIALS: DISPOSE OF 
PROPERLY. FLUSH AREA WITH WATER TO REMOVE TRACE RESIDUE. SMALL SPILLS: TAKE UP WITH AN ABSORBENT 
MATERIAL AND DISPOSE OF PROPE3?LY. WASTEJDISPOSALl PLACE IN AN APPROPRIATE DISPOSAL FACILITY IN 
COMPLIANCE WITH LOCAL REGULATIONS. EtA/IRONMENTAL-HAZARDS: THIS PRODUCT IS CLASSIFIED AS AN OIL UNDER 
SEC. 311 OF THE CLEAN WATER ACT. SPILLS ENTERING (A) SURFACE WATERS OR (B) ANY WATERCOURSES OR SEWERS 
ENTERING/LEADING TO SURFACE WATERS THAT CAUSE A SHEEN MUST BE REPORTED TO THE NATIONAL RESONSE CENTER 
800-424-8802.

SPECIAL PRECAUTIONS
MINIMIZE SKIN CONTACT. WASH WITH SOAP AND WATER BEFORE EATING. DRINKING. SMOKING OR USING TOILET 
FACILITIES. LAUNDER CONTAMINATED CLOTHING BEFORE REUSE. PROPERLY DISPOSE OF CONTAMINATED LEATHER 
ARTICLES. INCLUDING SHOES. THAT CANNOT BE DECONATAMINATED. STORE IN A COOL. DRY PLACE WITH ADEQUATE 
VENTILATION. KEEP AWAY FROM OPEN FLAMES AND HIGH TEMPERATURES.

TRANSPORTATION REQUIREMENTS
D.O.T. CLASSIFICATION(S) : NOT HAZARDOUS BY D.O.T. REGULATIONS D.O.T.' PROPERrSHIPPING NAME: NOT AVAILABLE
OTHER,REQUIREM04TS: BILL OF LADING COMMODITY DESCRIPTION: PETROLEUM LUBRICATING OIlI

OTHER REGULATORY CONTROLS
THE COMPONENTS OF THIS PRODUCT ARE LISTED ON THE EPA/TSCA INVENTORY OF CHEMICAL SUBSTANCES. THE 
INFORMATION CONTAINED HEREIN IS BASED ON THE DATA AVAILABLE TO US AND IS BELIEVED TO BE CORRECT. 
HOWEVER. SHELL MAKES NO WARRANTY. EXPRESSED OR IMPLIED REGARDING THE ACCURACY OF THESE DATA OR THE 
RESULTS TO BE OBTAINED FROM THE USE THEREOF. SHELL ASSUMES NO RESPONSIBILITY FOR INJURY FROM THE USE OF 
THE PRODUCT DESCRIBED HEREIN. DATE PREPARED: AUGUST 23, 1985.
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MATERIAL SAFETY DATA SHEET
TEILUS OIL 32 (25)
MSDS# 016520801

ORDERS 10991 CUSTOMER: CHEMICAL PRO, W/C TC PLANT, TACOMA, WA 

HAZARD RATINGS / EMERGENCY (4 = EXTREME)
* H^LTH:; SLIGHT (1) * FIRE:3 SLIGHT (1) * REACTiyiTT::; LEAST (0) * 24 HOUR EMERGENCY ASSISTANCE: SHELL
OIL COMPANY 713-473-9461 CHETITREC 800-424-9300 fcHEMICAL- SYN LUBRICATING OIL CHEMICAL FAMILY:
HYDROCARBON SHELL CODE: 65208 CASjNUMBER: MIXTURE

INGREDIENT COMPOSITION
100% - TELLUS OIL 32 (25) (NOT DETERMINED) 97-98%: - SOLVENT REFINED: HYDROTREATED HEAVY, PARAFFINIC
DISTILLATE (CASS: 64742-54-7) )<3%t: - MINOR ADDITIVES (BASED UPON DATA AVAILABLE TO SHELL. THIS PRODUCT 
IS NOT HAZARDOUS UNDER OSHA HAZARD COMflUNICATION (29 CFR 1910.1200).)

HEALTH INFORMATIONTHE HEALTH EFFECTS NOTED BELOW ARE CONSISTENT WITH REQUIREMENTS UNDER THE OSHA COMMUNICATION STANDARD 
(29 CFR 1910.1200). EYE CONTACT: BASED ON COMPONENT INFORMATION. PRODUCT IS PRESUMED TO BE PRACTICALLY 
NON-IRRITATING TO THE EYES. SKIN CONTACT: BASED ON COMPONENT INFORMATION. PRODUCT IS PRESUMED TO BE 
PRACTICALLY NON-IRRITATING TO THE SKIN. PROLONGED AND REPEATED CONT.ACT MAY RESULT IN SKIN DISORDERS SUCH 
AS DERMATITIS. OIL ACNE OR FOLLICULITIS. ACCIDENTAL RELEASE UNDER HIGH PRESSURE APPLICATIONS MAY RESULT 
IN INJECTION OF OIL INTO THE SKIN CAUSING LOCAL NECROSIS. INHALATION: THE INHALATION OF VAPORS 
(GENERATED AT HIGH TEMPERATURES ONLY) OR OIL MIST MAY CAUSE A MILD IRRITATION OF THE MUCOUS MEMBRANES OF 
THE UPPER RESPIRATORY TRACT. INGESTION: BASED ON COMPONENT INFORMATION, PRODUCT IS NO MORE THAN SLIGHTLY 
TOXIC IF SWALLOWED. SIGNS AND SYMPTOMS: IRRITATION AS NOTED ABOVE. NECROSIS MAY BE EVIDENCED BY ONSET OF 
PAIN AND TISSUE DAMAGE A FEW HOURS FOLLOWING HIGH PRESSURE INJECTION. AGGRAVATED MEDICAL CONDITIONS: 
PREEXISTING SKIN AND RESPIRATORY DISORDERS MAY BE AGGRAVATED BY EXPOSURE TO THIS PRODUCTT.

OCCUPATIONAL EXPOSURE LIMITS
OIL MIST: ACGIH-TLV/TWA = 5 MG/M3; ACGIH-TLV/STEL = 10 MG/M3 OSHA-PEL/TWA 
OCCUPATIONAL HEALTH GUIDELINES FOR CHEMICAL HAZARDS)

5 MG/M3 (SEE NIOSH/OSHA

EMERGENCY AND FIRST AID PROCEDURES
INHALATION-? REMOVE VICTIM TO FRESH AIR AND PROVIDE OXYGEN IF BREATHING IS DIFFICULT. GET MEDICAL 
ATTENTION. EYE CONTACTi: FLUSH EYES WITH WATER. IF IRRITATION OCCURS. GET MEDICAL ATTENTION. SKOl);
CONT^iGTa REMOVE CONTAMINATED CLOTHING/SHOES. WIPE EXCESS FROM SKIN. FLUSH SKIN WITH WATER. FOLLOW BY 
WASHING WITH SOAP AND WATER. IF IRRITATION OCCURS, GET MEDICAL ATTENTION. IF MATERIAL IS INJECTED UNDER 
THE SKIN. GET MEDIC:AL ATTENTION PROMPTLY TO PREVENT SERIOUS DAMAGE: DO NOT WAIT FOR SYMPTOMS TO DEVELOP. 
iNGESTafOSl DO NOT INDUCE VOMITING. IN C^ENERAL, NO TREATMENT IS NECESSARY UNLESS LARGE QUANTITIES OF 
PRODUCT ARE INGESTED. HOWEVER, GET MEDICAL ADVICE.* ‘NOTE TO THE PHYSICIAN: IN GENERAL. EMESIS INDUCTION 
IS UNNECESSARY IN HIGH VISCOSITY. LOW VOLATILITY PRODUCTTS. I.E.. MOST OILS AND GREASES.

PHYSICAL DATABOIE-ING.'POINTr('DJGREES3Pi--):?NOT AVAILABLE :<-pEGREES F/)V -25 (POUR POINT) SPECIFIC'GRAVITY
(HZOil'.O-):-. 0.8718 St'^IVOLAXlLr-BY/ypLyME^ NOT AVAILABLE SOLUBILITY IN. WATER: NEGLIGIBLE EVAPORATION RATE 
(BUTYL ;aC-ETATE=1V:"n6t‘'AVAILABLE VAP(lR?PRESSUREr(m:«ERCURY)-: NOT AVAILABLE VAPOR DENSITY (AIR=1:0): NOT 
AVAIUCBLE APPEARANCE-AND ODOR: CREAM WHITE LIQUID. SLIGHT HYDROCARBON ODOR.

FIRE AND EXPLOSION HAZARDS
FLASH-.POINT.-AND'METHODjiJSEpIt 380 DEG F PMCC FIi^LE= LIMITS / % VOLUME,IN .AIR: UPPER: N.A. . LOWER: N.A. 
EXTINGUISHING-MEDIAl) USE WATER FOG. FOAM. DRY CHEMICAL OR C02. DO NOT USE A DIRECT STREAI4 OF WATER. 
PRODUCT WILL FLOAT AND CAN BE REIGNITED ON SURFACE OF WATER. SPECIAL FIRE FIGHTING|PROCEpyRESy MATERIALS 
WILL NOT BURN UNLESS PREHEATED. DO NOT ENTER CONFINED FIRE SPACE WITHOUT FULL BUNKER GEAR (HELMET WITH 
FACE SHIELD. BUNKER COATS, GLOVES AND RUBBER BOOTS), INCLUDING A POSITIVE PRESSUPE NIOSH APPROVED 
SELF-CONTAINED BREATHING APPARATUS. COOL FIRE EXPOSED CONTAINERS WITH WATER. (JNUSUAL JFIREI AND : EXPLOSION 
HAZARDS: NONE UNUSUAL.

REACTIVITY
stability-? stable hazardous?polymerization:; will not occur CONDITIONStAND materials to AVOID: AVOID
HEAT. OPEN FLAMES. ' AND OjCIDLZING; MATERIALS. HA^OpUS? DECOMPOSITION PRODUCTS: THERMAL DECOMPOSITION 
PRODUCTS ARE HIGHLY DEPENDENT ON THE COMBUSTION (30NDITIONS. A COMPLEX MIXTURE OF AIRBORNE SOLID. LIQUID. 
PARTICULATES AND GASES WILL EVOLVE WHEN THIS MATERIAL UNDERGOES PYROLYSIS OR COMBUSTION. CARBON MONOXIDE 
AND OTHER UNIDENTIFIED ORGANIC COMPOUNDS MAY BE FORMED UPON COMBUSTION.

EMPLOYEE PROTECTION
RESPIRATORY?PRpTECTlpN:i IF EXPOSURE MAY OR DOES EXCEED OCCUPATIONAL EXPOSURE LIMITS (SEC. 4) USE A 
NIOSH-'aPPROVED RESPIRATOR TO PREVENT OVEREXPOSURE. IN ACCORD WITH 29 CFR 1910.134 USE EITHER AN 
ATMOSPHERE-SUPPLYING RESPIRATOR OR AN AIR-PURIFYING RESPIRATOR FOR ORGANIC VAPORS Af40 PARTICULATES. 
PROTECTIVE?CLOT!(ING:? WEAR CHEMICAL RESISTANT GLOVES AND OTHER PROTECTIVE CLOTHING AS REQUIRED TO 
MINIMizE SKIN CONTACT. NO SPECIAL EYE PROTECTION IS ROUTINELY NECESSARY. TEST DATA FROM PUBLISHED 
LITERATURE AND/OR GLOVE AND CLOTHING MANUFACTURERS INDICATE THE BEST PROTECTION IS PROVIDED BY NITRILE 
GLOVES . ADDITIONAL PROT^IVE. MEASURES NONE
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MATERIAL SAFETY DATA SHEET
TELLUS OIL 32 (25)
USDS* 016520801

ORDER# 10991 CUSTOMER: CHEMICAL PRO, W/C TC PLANT, TACOMA, WA 

ENVIRONMENTAL PROTECTION
SPILL OR LEAK PROCEDURES: MAY BURN ALTHOUGH NOT READILY IGNITABLE. USE CAUTIOUS JUDGMENT WHEN CLEANING 
UP LARGE SPILLS. LARGE SPILLS: WEAR RESPIRATOR AND PROTECTIVE CLOTHING AS APPROPRIATE. SHUT OFF SOURCE 
OF LEAK IF SAFE TO DO SO. DIKE AND CONTAIN. REMOVE WITH VACUUM TRUCKS OR PUMP TO STORAGE/SALVAGE 
VESSELS. SOAK UP RESIDUE WITH AN ABSORBENT SUCH AS CLAY. SAND OR OTHER SUITABLE MATERIAL: DISPOSE OF 
PROPERLY. SMALL SPILLS: TAKE UP WITH AN ABSORBENT MATERIAL AND DISPOSE OF PROPERLY. WASTE DISPOSAL' 
PLACE IN AN APPROPRIATE DISPOSAL FACILITY IN COMPLIANCE WITH LOCAL REGULATIONS. ENVIRONMENTAL HAZARDS;:: 
THIS PRODUCT IS CLASSIFIED AS AN OIL UNDER SEC. 311 OF THE CLEAN WATER ACT. SPILLS ENTERING (A^^
WATERS OR (B) ANY WATERCOURSES OR SEWERS ENTERING/LEADING TO SURFACE WATERS THAT CAUSE A SHEEN MUST BE 
REPORTED TO THE NATIONAL RESPONSE CENTER, 800-424-8802.

SPECIAL PRECAUTIONS
MINIMIZE SKIN CONTACT. WASH WITH SOAP AND WATER BEFORE EATING. DRINKING. SMOKING OR USING TOILET 
FACILITIES. LAUNDER CONTAMINATED CLOTHING BEFORE REUSE. PROPERLY DISPOSE OF C0NTAI4INATED LEATHER 
ARTICLES, INCLUDING SHOES. THAT CANNOT BE DECONTAMINATED. STORE IN A COOL. DRY PLACE WITH ADEQUATE 
VENTILATION. KEEP AWAY FROM OPEN FLAMES AND HIGH TEMPERATURES.

TRANS PORTATION REQUIREMENTS
not hazardous by D.O.T. regulations D.O.T. PROPER:;:;SHIPPING;:;nAMEY none OTHER 

REQUIREMENTS: BILL OF LADING COMMODITY DESCRIPTION - PETROLEUM LUBRICATING OIL

OTHER REGULATORY CONTROLS
THE COMPONENTS OF THIS PRODUCT ARE LISTED ON THE EPA/TSCA INVENTORY OF CHEMICAL SUBSTANCES. THE 
INFORMATION CONTAINED HEREIN IS BASED ON THE DATA AVAILABLE TO US AND IS BELIEVED TO BE CORRECT. 
HOWEVER, SHELL MAKES NO WARRANTY. EXPRESSED OR IMPLIED REGARDING THE ACCURACY OF THESE DATA OR THE 
RESULTS TO BE OBTAINED FROM THE USE THEREOF. SHELL ASSUMES NO RESPONSIBILITY FOR INJURY FROM THE USE OF 
THE PRODUCT DESCRIBED HEREIN. DATA PREPARED: AUGUST 29, 1985.
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MATERIAL SAFETY DATA SHEET
ROTELLA OIL lOW
MSDS« 015400101

ORDER# 10991 CUSTOMER: CHEMICAL PRO, W/C TC PLANT, TACOMA, WA 

HAZARD RATINGS / EMERGENCY (4 = EXTREME)
* HEALTU; slight (1) * FUlErj SLIGHT (1) * REACTIVITY:; LEAST (0) * 24fH0UR EMERGENCY. ASSISTANCE; SHELL 
713-473-9461 CHEMTREC 800-424-9300 CHEMICAL SYNONYMS: LUBRICATING OIL CHEMICAL FAMILY: HYDROCARBON- 
MOTOR OIL SHELL CODE:: 54001 CA'S'NUMBER: MIXTURE

INGREDIENT COMPOSITION
100% - ROTELLA OIL lOW (NOT DETERIUNED) 90-95% - SOLVENT REFINED HYDROTREATED HEAVY PARAFFINIC
DISTILLATE (CAS#: 64742-54-7) 5gI0%:| - ADDITIVE CONTAINING ZINC DIALKYL DITHOPHOSPHATE (MIXTURE ‘THE 
SPECIFIC CHEMICAL IDENTITY OR PERCENT IN COMPOSITION OF COMPONENT 2 IS CONSIDERED TRADE SECRET 
INFORMATION.) ;<Igs - MINOR ADDITIVE (MIXTURE BASED ON DATA AVAILABLE TO SHELL. COMPONENT 4 IN THIS 
PRODUCT IS NOT HAZARDOUS UNDER OSHA HAZARD COMMUNICATION (29 CFR 1910.1200).)

HEALTH INFORMATION
EYE; LUBRICATING OILS ARE GENERALLY CONSIDERED NO MORE THAN MINIM.ALLY IRRITATING TO THE EYES. SKIN: 
LUBRICATING OILS ARE GENERALLY CONSIDERED NO MORE THAN MILDLY IRRITATING TO THE SKIN. PROLONGED AND 
REPEATED CONTACT MAY RESULT IN VARIOUS SKIN DISORDERS SUCH AS DERMATITIS. FOLLICULITIS OR OIL ACNE. 
INHALATION: INHALATION OF VAPOR (GENERATED AT HIGH TEMPERATURES ONLY) OR OIL HIST FROM THIS PRODUCT HAY 
RESULT IN MILD IRRITATION OF THE UPPER RESPIRATORY TRACT. INGESTION: LUBRICATING OILS ARE GENERALLY 
CONSIDERED NO MORE THAN SLIGHTLY TOXIC IF SWALLOWED. SIGNS AND SYMPTOMS; IRRITATION AS NOTED ABOVE 
AGGRAVATED MEDICAL CONDITIONS: PREEXISTING SKIN AND RESPIRATORY DISORDERS MAY BE AGGRAVATED BY EXPOSURE 
TO THIS PRODUCT. OTHER HEALTH EFFECTS: THE INTERNATIONAL AGENCY FOR RESEARCH ON CANCER HAS DETERMINED 
THERE IS SUFFICIENT EVIDENCE FOR THE CARCINOGENICITY IN EXPERIMENTAL ANIMALS OF USED MOTOR OILS 
HANDLING PROCEDURES AND SAFETY PRECAUTIONS IN THE MSDS SHOULD BE FOLLOWED TO MINIMIZE EMPLOYEE'S 
EXPOSURE TO THE USED PRODUCT. SUPPLEME34TAL HEALTH INFORMATION: SUPPLIER OF COMPONENT 3 REPORTS THE 
FOLLOWING: "EPA HAS BEEN NOTIFIED OF SUBSTANTIAL RISK REPORTS UNDER TSCA SECTION 8(E) ON ZINC 
DITHIOPHOSPHATES BASED ON RABBIT DERMAL STUDIES AND ON IN-VITRO MUTAGENIC STUDIES. STUDIES PERFORMED 
AFTER THE NOTIFICT^TION INDICATE THAT ZINC DITHIOIPHOSPHATES DO NOT APPEAR TO PRESENT A SIGNIFICANT 
HEALTH RISK WHEN PROPER HYGIENE AND PERSONAL PROTECTION PREC:AUTI0NS ARE FOLLOWED."

OCCUPATIONAL EXPOSURE LIMITS
OIL MIST, MINERAL OSHA - PEL/TWA = 5 MG/M3 ACGIH - TLV/TWA = 5 MG/M3 TLV/STEL = 10 MG/M3

emerc;ency and first aid procedures
jNHgg^g^gNg REMOVE VICTIM TO FRESH AIR AND PROVIDE OXYGEN IF BREATHING IS DIFFICULT. GET MEDICAL 
ATTENTION. |i^SNTKg0 FLUSH WITH WATER FOR 15 MINUTES WHILE HOLDING EYELIDS OPEN. GET MEDICAL 
ATTENTION. REMOVE CONTAMINATED CLOTHING AND WIPE EXCESS OFF. WASH WITH SOAP AND WATER OR A

CLEANER FOLLOWED BY SOAP AND WATER. IF IRRITATION OCCURS. GET MEDICAL ATTENTION. 
SiLGES!ia:glJ;5j DO NOT INDUCE VOMITING. IN GENERAL NO TREATMENT IS NECESSARY UNLESS LARGE QUANTITIES OF 
PRODUCrr ARE INGESTED. HOWEVER, GET MEDICAL ATTENTION. ‘NOTE TO PHYSICIAN: IN GENERAL, EMESIS INDUCTTION 
IS UNNECESSARY IN HIGH VISCOSITY, LOW VOLATILITY PRODUCTS. I.E.. MOST OILS AND GREASES.

PHYSICAL DATA
AVAILABLE HELTWG POINT , (DEGREES F^); NOT AVAILABLE SPECIFIC IGRAVITY

FIRE AND EXPLOSION HAZARDS
FLAMMABLE LIMITS / %-VOl^UME :iN A N/A. LOWER: N/A

E^TlFPyiSHING MEDIA., USE WATER FOG, FOAM. DRY CHEMIC7VL OR C02. DO NOT USE A DIRECT STREAM OF WATER 
PRODUCT WILL FLOAT AND CAN BE REIGNITED ON SURFACE OF WATER. SPECIAL FIRE FIGHTiNGWpROCEDURES-- MATERIAL 
WILL NOT BURN UNLESS PREHEATED. DO NOT ENTER CONFINED FIRE-SPACE WITHOUT FULL BUNKER GEAR (HEU4ET WITH 
FACE SHIELD. BUNKER COATS. GLOVES AND RUBBER BOOTS). INCLUDING A POSITIVE-PRESSURE NIOSH-APPROVED 
SELF-CONTAINED BREATHING APPARATUS. COOL FIRE EXPOSED CONTAINERS WITH WATER. UNUSUAL: FIREi ANOSEXPLOSION 
HAZARDS: NONE UNUSUAL

REACTIVITY
STABILITY:; STABLE HAZARDOUS’POLYMERIZATION: WILL NOT OCCUR CONDITIONS AND MATERIALS TO AVOID: AVOID 
HEAT. OPEN FLAMES AND OXIDIZING MATERIALS. HAZARppUS|DECOMPOSITION'iPRODUCTSTHERMAL DECOMPOSITION 
PRODUCTS ARE HIGHLY DEPENDENT ON THE COMBUSTION CONDITIONS. A CoMPLEX MIXTURE OF AIRBORNE SOLID LIQUID. 
PARTICULATES AND GASES WILL EVOLVE WHEN THIS MATERIAL UNDERGOES PYROLYSIS OR COMBUSTION. CARBON MONOXIDE 
and other UNIDENTIFIED ORGANIC COMPOUNDS MAY BE FORMED UPON COMBUSTION.

EMPLOYEE PROTECTION
E??Slft?S®)Si?,^^9TECTI0N IF EXPOSURE MAY OR DOES EXCEED OCCUPATIONAL EXPOSURE LIMITS (SECTION 4) USE A 
NIOSH-APPROVED RESPIRATOR TO PREVENT OVEREXPOSURE. IN ACCORD WITH 29 CFR 1910.134 USE EITHER AN 
ATMOSPHERE-SUPPLYING RESPIRATOR OR AN AIR-PURIFYING RESPIRATOR FOR ORGANIC VAPORS AND PARTICRJLATES. 
^’BOJ.ESJIMEIGtpTHINGy WEAR CHEMICAL RESISTANT GLOVES AND OTHER PROTECTIVE CLOTHING AS REQUIRED TO
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MATERIAL SAFETY DATA SHEET 

ROTELLA OIL lOW
MSDS# 015400101

ORDER# 10991 CUSTOMER: CHEMICAL PRO, W/C TC PLANT, TACOMA, WA

MINIMIZE SKIN CONTACT. WEAR SAFETY GOGGLES TO AVOID EYE CONTACT. TEST DATA FROM PUBLISHED LITERATURE 
AND/OR GLOVE AND CLOTHING MANUFACTURERS INDICATE THE BEST PROTECTION IS PROVIDED BY NITRILE GLOVES.

ENVIRONMENTAL PROTECTION
' although no readily ignitable. use cautious judgment when cleaning up

SPILLS: WEAR RESPIRATOR AND PROTECTIVE CLOTHING AS APPROPRIATE. SHUT OFF SOURCE OF 
CONTAIN. REMOVE WITH VACUUM TRUCKS OR PUMP TO STORAGE SALVAGE VESSELS SOAK UP RESIDUE WITH AN ABSORBENT SUCH AS CLAY. SAND. OR OTHER SUITABLE MATERIALS: DISPOS^OF PROPERLY

DISpLf^ ABSORBENT MATERIAL^^
R ” DISPOSAL: PLACE IN AN APPROPRIATE DISPOSAL FACILITY IN COMPLIANCE WITH LOCAL

ONMENTAL HAZARDS: THIS PRIDUCT IS CLASSIFIED AS AN OIL UNDER SECTION 311 OF THE CLEANOR SEWERS ENTERING/LeLInG TO
SURFACE WATERS THAT CAUSE A SHEEN MUST BE REPORTED TO THE NATIONAL RESPONSE CENTER. 800-424-8802.

SPECIAL PRECAUTIONS
CONTACT. WASH WITH SOAP AND WATER BEFORE EATING. DRINKING. SMOKING OR USING TIOLET 

CONTAMINATED CLOTHING BEFORE REUSE. PROPERLY DISPOSE OF C0NTAf4INATED LEATHER 
SHOES. THAT CANNOT BE DECONTAMINATED. STORE IN A COOL, D.RY PLACE WITH ADEQUATE 

VENTILATION. KEEP AWAY FROM OPEN FLAMES AND HIGH TEMPERATURES. ^

TRANSPORTATION REQUIREMENTS
D.O.TI PROPER SHIPPINGfNAMEa NOT AVAILABLE 

PXHERssREQUIREMENTS bill of LADING COMMODITY DESCRIPTION: PETROLEUM LUBRICATING OIL

OTHER REGULATORY CONTROLS
product are LISTED ON THE EPA/TSCA INVENTORY OF CHEMICAL SUBSTANCES THE ^OW^ AVAIU.BLE TO US AND IS BELIEVED TO BE^RR^CT

RESW^'to RF ^“^SED OR IMPLIED REGARDING THE ACCURACY OF THESE DATA OR THE
RESULTS TO BE OBTAINED FROM THE USE THE31E0F. SHELL ASSUMES NO RESPONSIBILITY F0= INJURY FROM THE USE OF 
THE PRODUCT DESCRIBED HEREIN. DATE PREPARED: AUGUST 23. 1985 FO.. INJURY FROM THE USE OF
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MOBIL OIL CORPORATION MATERIAL SAFETY DATA BULLETIN

********************* I. PRODUCT IDENTIFICATION ******************♦***
MOBIL OTE OIL LIGHT

SUPPLIER: HEALTH EMERGENCY TELEPHONE:
MOBIL OIL CORP. (212) 383-4411

CHEMICAL NAMES AND SYNONYMS: TRANSPORT EMERGENCY TELEPHONE:
PET. HYDROCARBONS AND ADDITIVES (800) 424-9300 (CH6MTREC)

USE OR DESCRIPTION:
LUBRICANT

************ II. TYPICAL CHEMICAL AND PHYSICAL PROPERTIES *************

APPEARANCE: ASTM 1-0 LIQUID ODOR: MILO PH: NA
VISCOSITY AT 100 F, SUS: 158.0 AT 40 C, CS; 30.4
VISCOSITY AT 210 SUS: 25-7 AT 100 C, CS; 5.1
FLASH POINT F(C): 425(218) (ASTM 0-92)
MELTING POINT F(C): NA POUR POINT F(C): 20( 7)
boiling point F(C): > 600(316) ..nrirrmic
RELATIVE DENSITY. 15/4 C: 0.863 SOLUBILITY IN WATER: NEGLIGIBLE
VAPOR PRESSURE-MM HG 20C: < .1

NA=N0T APPLICABLE Nc=NOT ESTABLISHED 0=0EC0MPaS£S 
FOR FURTHER INFORMATION. CONTACT YOUR LOCAL MARKETING OFFICE.

************************** III. INGREDIENTS ***************************
WT PCT EXPOSURE LIMITS SOURCES 

(APPROX) MG/M3 PPM (AND NOTES)
AZAROOUS INGREDIENTS:

NONE

OTHER INGREDIENTS:
REFINED MINERAL OILS >95
ADDITIVES AND/OR OTHER INGREDS. < 5

key to SOURCES: A=ACGIH-TLV. A*=SUGGESTEO-TLV. H=M08IL. 0=DSHA
NOTE: LIMITS SHOWN FOR GUIDANCE ONLY. FOLLOW APPLICABLE REGULATIONS.

*********************** -IV. HEALTH HAZARD DATA ************************

effects of OVEREXPOSURE: SLIGHT SKIN IRRITATION.
<,************** V. EMERGENCY AND FIRST AID PROCEDURES ***************** 

ETE CONTACT: FLUSH WITH WATER.
SKIN CONTACT: WASH CONTACT AREAS WITH SOAP AND WATER.
inhalation: not expected to S= a PROBLEM.
INGESTION: NOT EXPECTED TO BE A PROBLEM WHEN INGESTED. IF

UNCOMFORTABLE SEEK MEDICAL ASSISTANCE.

***************** VI. FIRE AND EXPLOSION HAZARD DATA ***************** 
FLASH POINT F(C): 425(218) (ASTM 0-92)
piiHMtPlF LIMITS LEL: .6 UEL: 7.0

U extinguishing media: CARBON DIOXIDE. FOAM. DRY CHEMICAL AND WATER FQG-
^ SPECIAL FIRrF^LlING PROCEDURES: FIREFIGHTERS MUST USE SELF-CONTAINED 

breathing APPARATUS.
UNUSUAL FIRE AND EXPLOSION HAZARDS: NONE
NFPA hazard ID: HEALTH: 0. FLAMMABILITY: 1. REACTIVITY: 0

tOb'CO'
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MATSRIAL aAFETY DATA 3HJ£T
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Rev OATtt; 0307S9
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83*000 MACHINE TOOL ^ « h

OECTION I-PRODVCT IDSNTIFICAiION

PRODUCT NAME; MACHINE TOOL CLEANER
PROPER SHIPPINO NAME; CLCANINO COMFOuND. ^IQUID

t. r\r^ • ■ \ f a5rif"'* J5 *~0^PL&T£0 3^'; DAVID H fcAPulNiiHAZARD CLASS: NQN-r.AZASDCJ^ ^uor^r^UMU^R■ 3i5-^4*-4i05
hazard ID no: N/ACHEMICAL FAMILY; MIXTURE MrO. DUNS P . 00

SSC'TON II-HAZARD0U3 CQr.PONaNLS

material

DEODORIZED kerosene

(PRODUCT UCa DILUTX0P4* A-BT. >

“““““ ' (JEGTIOW ni-FHV8!CA( DATA
■< = ««-<*»a ««»•■«»« f*=F>= “•* ***'*‘**‘*^”

CAS NO P'gA.CEHT HAZARD
----- -

-^W 1

S00S“S0“4 i-iO TLV: SOO PPM
PEL; NONE

345?0~V4-'3 T-^IC TtV; iOO spH
pel: 100 f^PM
glEL: 1^0 PPM

SpgCI.^lC’QiRAVitY: 0.
5VAP RAT?.; UrKS WATER

SOL IN W.ArER; gOLUSL^.

SOIL. PT. <DED F>: 3X5 
VAPOR PRESSURE tMM HDJ LIK^^ WATER 
VAPOR DENSITY (AIR •* t) LtKS WATER 
PERCENT VOLATILE; OQ'-feO 
PH NSAT: iO. 2 PH AT 5. OJi: 10. i
appearance and ODOR: ^ ____

clear AMDSR LIQUID; FAI^4T MINT ODOR

SSCTION IV - FIRE AND EK.^^^LOSION HAZARD D.ATA

REACTIVITY; 0
FLASH POINT, DEO. F (METHOD USED): N/A 
NFPA CLABSIrlCATIQN HEALTH; 0 FIRE; 0 
EXTINOUISHINO MEDIA: ,

N/A - CONTAINS WATER

UNUSUAL Ftfia AND EXPLOSION HAZARDS:

NONE

L£L: .N/A U£L: N/A.

h /!x X Mo.

CONTINUED ON PAOS 2 '

ZZ-1) - 11
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May b* to ctxnpfy wiSi
OSHA’* HazBfti ComrtKwvoatkDo Slandard. 

*29 CFH 1910.1200. SUndard mast txi 
cxjntatud tor specific roquinomoota.

ijcpanmeni or Lai
Oocupadonol Sal«ty and HaaltP 
(No>4Xar>cUlory Rxm)

OTTY (Am UWf on -nd
TRIM® SOL

Mm: sum sp^cms not p»mOKl / •rty •• not moptcMit* or no
t*xm*iion a «v~l«Oi*. ffv« x>*0« tnjst Om tn^ri^J tj tn^t.

S»ctk)o 1

ULmruj^MCturmf'% Njut^
MASTER CHEMICALCCORPORATION

6m>*rQ-iocy Nuo>C>«<

419-874-7907
Addr^ Sxrw^ Ccy SIjw. •nd ZJP Coo*;

501 West Boundary
ToUpPor^ NumCM <Of IrHoaiwJon

419-874-7902

Perrysburg, OH 43551
0*c« Pr*p*f*d

9-86
StgrvcZXjO* erf ('opoorWJ

S«cli<xi II — Hazardous IngrodicntrL/Vd^otlry Infoonatlon

M«z»jr)cxrl C<XTXX>v.riU (Sosofc CTMKnc*) lCkm:Try-. COTvnoi OSHA PEL aCGih tlv
Ojvx- (Vrutj 

RoCoavTv«rx3ocI
“Vb (OOOOriAtj

PetroIeum oi1 5mg/m^(mist) 5 ms/ni^ (mist) none 30-40
Petroleum sulfonate none none none 20-30

Chlorinated alkene polvmer none 20-30
Nonionic surfactant none none none 1-10
Organic alcohol none none none 1-10
Glycols none none none 1-10

(■

Silicone defoamer 
Water

none
none none none Balance

The exact chemical identities and percentages of the raw materials used in TRIM® SOL 

are trade secrets. This information is being witheld as provided for in the Occupational 

Safety and Health Administration’s Hazard Communication Rule (29 CFR 1910.1200).

Section 111 — PhysJcal/Chemlcal Charactertstlc*

eoXog Poioj
2I7°F

SfxcSc Gr»*cy (HjO - 1)
1.004

Vapor Practsura (mm Ho.)
<1

Uonkx] Po*y
not C etermined

Vapor 0»may (AJfl - 1)

not de lermined
Evaporaixxi Rato 
(Sutyt AooUto - 1) 1

So<uOfcry <1 VioM
100%

«r<3 Odof
______________ Darl^ green viscous liquid with mild, pleasant odor.
Soclkvn rV — Fu'm UTKi Explocion HfiZJrd 0«t«

FU*n Poor (Maoyxl U**<3| FWtvtl«£>i« L>rn.<tj CEL U£L

305°F (COC) None (TCC) not d itermined
EjtTinoijii.'w%3 M«ct«

As annropriate for the surrounding fire.
So»OW fV« P;grttirv3 Proc»d*>«n

None /

iryj £xptOion Hazj/di
____  None

I (OxitinoNK/ on
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moterial safety data sheet
BLASER SWISSLUBE INC.

SECTION I: Product Identification

MANUFACTURER: Blaser & Co Ltd. CH-341S Hasle - Ruegsau, Switzerland
ADDRESS: Blaser Swisslube, Inc. Westgate Industrial Park

Goshen, NY 1092A
PRODUCT NAME: BLASOCUT 4000 STRONG Art. No. 872
EMERGENCY TELEPHONE NO: (S14) £94-3200
PRODUCT TYPE; Water Soluble Metal Working Coolant (Mineral oil based)

SECTION II: Product Composition

Blasocut 4000 Strong is a nonhazardous mixture of severely hydrotreated 
mineral oil; anionic emulsifiers; chlorinated paraffins; polar 
additives; corrosion and fungi inhibitors; odorant and dye (technical 
grade of food dye) and a stabilizer consisting of. Na-benzoate; 2,3-
pentandiol,£-methy 1 ; Ca-acetate; alpha-Tocopherol; citric acid; 
tartaric acid; ascorbic acid; ascorby1 paIrnitate; oley 1sarkosid; 
1-hydroxyethy1-2-oleyl-imidazolin; glycerin

ftOQQ strong DOES NOT CQNTAiNi Phenols, Nitrites, formaldehydes 
or formaldehyde releasing substances, heavy metals (such as Lead, 
Mercur'y etc. ), active sulfur, arsenic, PCB, F'CT, TCDD or other' Dioxin 
r'elated substances. PCA content less than 10 ppm (GO

SECTION III: Chemical and Physical Properties of the Complete Product

Boiling point: 572F I Pour point: —22F I Specific gravity: 0.976 68F
Vapor pressure: Not volatile
Solubility in water: 100%
pH G 571 : fresh 8. 9 £4 hrs 8. 7
Volatiles, "/- vol : nil
Appearance and odor: Gr'een I pleasant odor (almonds)

SECTION IV; Fire and Explosion Hazard Data

Flash Point: 366F (Cleveland open) 1 Explosion Limits: not applicable
Auto Ignition Temperature: )57£F
Products formed under ABNORMAL conditions; Thermal decomposition of the

concentrate above 176F: trace amounts of HC1
Unusual Fire or Explosion Hazards: none

Special Fire Fighting Procedures: none

Fire fighting Media: C0£, dry chemical, foam

IN COMPLIANCE WITHES CFR 1910.lEOO (FORMATED after OSHA 174) 
BLASOCUT 4000 STRONG (Rev. 03 37) Page 1
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(essentially similar to OSHA Form 20) 

CUTZOL WS-S0Sp_
Multi-purpose Heavy Uut)Tsoluble Oil

J

HAZARDOUS INGREDIENTS % TLV
Pigments: 0 n
Catalysts: 0 0
Vehicles Mineral oil 53 0\
Solvents:; 0 0
Metals: 0 0
01 )i e r : (' h 1 o r i n a t e d paj'ra f ins . sul-
foiiates , amines 47 n/a

PHYSICAL DATA 
Boiling point (^F) : 3 30^F

IV. HEALTH HAZARD DATA (cont'd.)
Emergency first aid procedures:
Fyp.s - flush with copious apioiir)r<;
of saline solutionIngestion -
do not induce vomitinc --call

physician
V. REACTIVITY DATA

Stability: Stable
Conditions to avoid:

Vapor pressure (mm of Hg): p
Vapor density (Air-1): Unknown
Specific gravity: 1.021_____
Percent volatile (volume): 
Evaporation rate (n-Butyl 
acetate-1): ________ n

Solubility in water: forms emulsion
Odor ^ appearance: Park green liquid 

with lemony odor

FIRE AND EXPLOSION HAZARD DATA
Flash point; COC (^F):

Flammable limits: Not nppiir.nhle
Extinguishing media: rnam, Hrv

chen^i cal , CO^______________ _
Special fire fighting pr.ocedures:

Use air supplie^d breaching apparatus
in nrpR*;. ______

Unusual fire ^ explosion hazards: 

None

IV. HEALTH HAZARD DATA
Threshold limit value; c
Effects of overexposure; Hot oil mist

established, but exercise caution.

I I

None

Incompatibility; Strong oxidants

Hazardous decomposition:incoroolete 

combustion veilds CO plus HCL

SPILL ^ DISPOSAL DATA
Spill procedures: use oil
ahsorbant n|aterial________
Waste disposal methods: _j 
incineration or contract

J

VII, SPECIAL PROTECTION INFORMATION
Respiratory:
Ventilation:

None
None

Eye protection:

Special protection; None

SPECIAL PRECAUTIONS
Handling ^ storage; Veep from
open flame
Other precautions: >None

EMERGENCY TELEPHONE NO. J
(203)792-0052
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- MG3IL OIL CaRPQRATlON MATERIAL SAFETY DATA BULLETIN

. REVISED: 09/20/87
******A********** I. product identification *********** **********^,

MOBIL OTE 26
SUPPLIER: HEALTH EMERGENCY TELEPHQNE-

MQSIL GIL CGRP, <212) 383-4411
CHEMICAL NAMES AND SYNONYMS: TRANSPORT EMERGENCY TELEPHONE:

PET. HYORCCAR3DNS AND ADDITIVES (500) 424-9300 (CHEHTREC)
USE OR DESCRIPTION:

HYDRAULIC OIL

****★*★♦★★** II. typical chemical and PHYSICAL PROPERTIES *** **<t***

APPEARANCE: ASTM 4.0 LIQUID
VISCOSITY AT 100 F, SUS: 335.0

DOOR: MILO PH: NA
AT 40 C, CS: 65.0 

VISCOSITY AT 21'0 F, SUS: 52-7 AT 100 C, CS: 3.0
FLASH POINT F(C): 400(204) (ASTM Q-92)
MELTING POINT F(C): NA POUR POINT F(C): -5(-21)
BOILING POINT F(C): > 600(316)
RELATIVE DENSITYx 15/A C: 0.37 S0LU3ILITY IN WATER: NEGLIGIBLE
VAPOR PRESSURE-MM HG 20C: < .1

NA=NOT APPLICABLE NE=NOT ESTA3LISHE0 0 = 0ECGHPCSES 
FOR FURTHER INFORMATION^ CONTACT YOUR LOCAL MARKETING OFFICE.

II I. IiNGREOIENTS ^-k-k-k^^-kie-k-kitic^-ic’kir-k-k-k’kicir'kicic'k-k'tr 
WT PCT EXPOSURE LIMITS SOURCES 

(APPROX) HG/H3 PPM (AND NOTES)
H A2ARD0US 

NONE
INGREDIENTS:

OTHER INGREDIENTS:
REFINED MINERAL GILS >95
ADDITIVES AND/OR OTHER INGP.EOS. < 5

SEE SECTION XII FOR CDMPDNENT REGULATORY INFORHATIDN-

SOURCES: A = ACGIH-TLV, A*=SUGGE STEO-TLV, M=M03IL, 0=QSHA, S=SUPPLIER 
NOTE: LIMITS SHOWN FOR GUIDANCE ONLY- FOLLOW APPLICABLE REGULATIONS.

*********************** IV- HEALTH HAZARD DATA ************************
------- INCLUDES aggravated MEDICAL CONDITIONS^ IF ESTABLISHED ------

EFFECTS OF OVEREXPOSURE: NOT EXPECTED TO 3E A PR03LEM-

*************** *****************V. EMERGENCY AND FIRST AID PROCEDURES
------ FOR PRIMARY ROUTES OF ENTRY----------

EYE CONTACT: FLUSH WITH WATER.
SKIN CONTACT: WASH CONTACT AREAS WITH SO&P AND WATER-
INHALATION; NOT EXPECTED TO 3E A PROBLEM.
INGESTION: NOT EXPECTED TO BE A PROBLEM- HOWEVER, IF GREATER THAN 1/2

LITER(PINT) INGESTED, IMMEDIATELY GIVE 1 TO 2 GLASSES OF *WATER AND 
CALL A physician, HqspitIL EMERGENCY ROOM OR POISON CONTROL CENTER
FOR ASSISTANCE- 00 NOT INDUCE VOMITING OR GIVE ANYTHING 3Y MOUTH 
TO AN UNCONSCIOUS PERSON-
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i MATEaiftU SAFETY DATA fiHEa 
BLA8ER 6WIS6LU0C.INC.

V

.tiCTION 11 PrsMiuct Id«ntlflcAl;loy>

WANUTRCTUflSai ft Co Utd. CH-3413 H*»i« - Ru#a#au/.;8wit««r^l4irwl..
ftOORESSi Ewi*«lub«», Inc. Indutttrinl P«rk

$oth4*n» NY 10»a4
PAODUCY NRH&i SLASaCUT 4000 iTaONO Ant, No, 872
eMEHaCNCY tetePHONC NQi (tll4) £94-*5«00 : ... • •
product TYPCi 6oJybX»» N»tal WonkinQ Coolant (Mln*n«X oil bA«<td)

* i •« «u«

SGCTION III product Corapoultlon (/o of v-.w;h ^vJv<.-I

Bl*«ocut 4000. Strora i« « bonh*z«rdc5.u» f>tlxtur«*/4f ««vor«li^„ hydrotr«*t*d 
fiUrtcr*! oilj anionic atnuimifi«r«j ohlorirt*t«id ‘p«r#YYlr(«< pol*r 
Additlv**} corv'o»ion *nd fungi lnhibltor«j odor*nt «nd dyo (tadhnleikl 
Qri^de Of food dye) And a ctabtU^er consicttnQ of NA~b»r,ioAt»| £,3- 
pont*rdlol, e-M»thyU CA-AQ«tAt«} AlphA-TocopheroU cltV^lC 401C1I 
tcxrtArxe Acidj aacc-rbic Acld| aacorbylpalmlt^te; oleyUArkotidt 
l-hydroxyethyl-£-oUyI-lrnid*zoUn; Qlyc*rrin

BifiSfiCai. StCfiQfl BQg:S tJQI CSNIAiyi Ah^ocu, NltritP©, formAld»hydw»
or forMAldeOydA r«»loAcir»a *uBvt*nc**, he&vy rnatAle <»ueh «» LvAd, 
Mercury wtc. ), Active eulfur, Arjiwrdc. PC8, PCY, TCDD or other Oloxln 
reljited fWb*t#ncoc. PCA content then 10 pDM (GO

CGCTION XXI t Chemical evid Phyalcal Proper!l«a of the Complete Product

eoilinsi pcdhtl S7£F ( Pour point: -gcF i specific gravity! 0,976 8 68F 
Vapor prtaaurai Not volatile \
BolublU'ty._l.ru.wa-t«rr lOOr. ■>

/pH 0 5X i freih a, B £4 hra 6.7 '
VVeUtiUi, Veil Ml

Appearance afid odor: Green I pieaaant odor (alMonde)

Rtl

f

SECTION iVi Fire and Exploelon Matard Data
Fla«h Point I 56CF (Cleveland open) ) EKploalon Ulmlta: not applicable 
Outo Ignition temperaturec >tJ7£F
Product* forMOd under A&NaHMAL conditlonfi: Therm*1 decompoaltion of the

concentrate above 17SF: trace awounta of HCl 
Unueu<»l Fire or Exploaion Hatardai nona

Special Fire Fighting Procedure*, none

Fire fighting Media* COX, dry chemical, foam

^ . pr, c/ . 7^.>dO
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MSDS NUMBER; 400018

■., , ................................................ ■■■■ ‘ ■":: . ■■ . ^ v-v' ^ --.'P

.■• ^ CUSTOMER:- 3CH061409 CHEMICAL PRO v,' ■ '

: r:, SECT I ON VI v , physical:;-DATA■;-::,SECTION yi

BOILING POINT
(DEGREES F.): 3£5 - 700 DEG F
SPECIFIC GRAVITY 
(H-£0 = 1) : ■ AP 0.84 - 0.88

-SOLUBILITY
IN WATER: NEGLIGIBLE

. VAPOR PRESSURE
(MM MERCURY)

MELTING POINT 
(DEGREES F.);

-/. VOLATILE 
BY VOLUME: 
EVAPORATION RATE- 
(BUTYL ACETATE=1) 

VAPOR DENSITY ^

,:-^l
MilS

N/AP

<0.1 (REID-PSIA.AT 100 (AIR = 1):

•appearance AND ODOR: LIGHT YELLOW TO AMBER COLORED LIQUID; KEROSENE ODOR.

SECTION VII FIRE AND EXPLOSION HAZARDS

AND METHOD ' VvFLOMMftBLE Hf

*iiis fIKf:: a
LIM T;t:S, / % VOLUME IN AIR

;• *■'

.. .. . -v' -------r'-,::*'-’—i'lni c^rvxMi-, 1./U' NOTv!^ ? . K

_ / /ENTER VANy:7ENCLOSED OR CONFINED FIRE SPACE WITHOUT^
PROPER PROTEC:tlVE -EQUIPMENT,;/INCLUDING SELF-CONTAINEbr'f 
BREATHING APPARATUS. COOL TANKS AND CONTAINERS EXPOSED
■rn c- T or--I iT-t-i • • : . . . v.TO FIRE'WITH WATER.

■ y, ■ - "-i ■ ■ ■ ■■ ■ ■ ' ■ ■

explosion; HAZARDS; MODERATELY COMBUSTIBLE! WHEN HEATED ABOV^I - 
:F --Vx/ - ; THE/:FLASH POINT, THIS MATERIAL WILL RELEASE FLAMMABLE ■- /

V V«PORS WHICH IF EXPOSED TO AN IGNITION SOURCE CAN^BURN:/
.... ^ ^ INvTHE OPEN OR BE EXPLOSIVE IN CONFINED SPACES. MISTSH t

OR'SPRAYS MAY ^BE FLAMMABLE AT TEMpdRATURES BELOW THE/i T 
NORMAL FLASH'POINT. . -

i'/;-

SECTION yin REACTIVITY -

'’•STABILITY: STABLE HAZARDOUS POLYMERIZATION; WILL NOT OCCUR

.CONDITIONS (^ MATERIALS TO AVOID: HEAT, SPARKS, OPEN FLAME AND OTHER IGNITION ;
X ^ SOURCES. REACTS WITH STRONG ACIDS, STONG OXIDIZING

MATERIALS AND ALKALIES. -

*** CONTINUED bN NEXT'PAGE VV:*
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MSDS NUMBER: 400018

^ =============

$:, ORDER: 75168

; : ■«'. . :.,:y;-v.>gi:;;;i|i|
. CUSTOMER:; 3CH06140S . CHEMICAL PROCESSORStV-' ^V S'C' I

/. SECTION VI • •;•• -
■ J

/ BOILING POINT /
(DEGREES F. > : 325 - 700 DEG F .X
SPECIFIC GRAVITY ; /X. • ••
(H20 =1): ftp 0.84 - 0.88
SOLUBILITY
IN WftTER: NEGLIGIBLE
VftPOR PRESSURE

MELTING POINT 
(DEGREES F. > :

■/. VOLATILE 
BY VOLUME:
EVAPORATION RATE 
(BUTYL ACETATE=1): N/ftP 
VAPOR DENSITY

y V.-. 
x

(MM MERCURY): (0.1 (REID-PSIft AT 100 (AIR = 1):

APPEARANCE AND ODOR: LIC3HT YELLOW TO AMBER COLORED LIQUID; KEROSENE ODOR.

SECTION VII FIRE AND EXPLOSION HAZARDS

FLAMMABLE LIMITS./ '/- VOLUME IN AIR ..X
(t ASH POINT AND MET

. 135 DEG F (D-S3/.X/X//yXfc:K/ -..- LOWER:;.0:6v />. /'.UPPER: 7^5

. ' ■ -. ■/*:>!/" ..-'fa/.- - mmmmmas*SPECIAL FTREXElGMTXNG*vPf^OCEbURES/?/ FOR FIRES IWai_VING>THlK;MftTERIRL/^bOXNOTX‘^^■1- 'T - y ENTER XANY 'ENCLOSED OR^ COIviFINED FTRE !^ACE -VlITHaiJr : . /
X ;pROPER.-pROTECTIVE EQUlPMENTv/INCllUDING SELF-CONTAINED/11 

"BREATHING APPARATUS. COOL TANKS AND CONTAINERS EXPOSEDXX 
/ to FIRE WITH WATER. ' X J

. X:., .X - :';X :X- ' Xx'' v->.
• -. - ■- V ■:.. .. ■ r-;- i.'j.

UNUSUAL FIRE, AND EXPLOSION HAZARDS: . /MODERATELY COMBUSTIBLE! WHEN. HEATED OBOVE/:
/V / ' THE FLASH POINT, THIS MATERIAL-WILL; RELEASE.XfLAMMABL^' /

VAPORS which' IFf EXPOSED TO' AN IGNITION SOURCE CAN BURN 
IN;THE OPEN OR'BE EXPLOSIVE IN CONFINED/SPACES.XMISTS/' 

•‘X?;; / OR'SPRAYS MAY BE , FLAMMABLE X AT TEMPERATURES'BELOW THE
NORMAL FLASH POINT. V X ' •/

SECTION VIII REACTIVITY’.

STABILITY: STABLE HAZARDOUS POLYMERIZATION: WILL NOT OCCUR
■ '.''V

;• ■

CONDITIONS AND MATERIALS TO AVOID: HEAT,'SPARKS, OPEN FLAME AND OTHER IGNITION
SOURCES. REACTS WITH STRONG ACIDS, STONG OXIDIZING 
MATERIALS AND ALKALIES. . ..-' .

*** CONTINUED ON NEXT PAGE *** -• =


